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UNI-PLANER BONE FIXATION ASSEMBLY

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This claims the benefit of U.S. Patent Application Serial No. 61/110,704,
filed November 3, 2008, the disclosure of which is hereby incorporated by reference as if
set forth in its entirety herein. This is related by subject matter to PCT Patent Application
Serial No. PCT/US2008/070670, having an international filing date of July 21, 2008, the
disclosure of which is hereby incorporated by reference as if set forth in its entirety

herein.

BACKGROUND

[0002] Conventional bone fixation elements, such as pedicle screws, include a
bone anchor retained within an anchor seat and captured by a collet. Pedicle screw
assemblies include a plurality of pedicle screws joined by a rod that extends through rod
slots formed in the pedicle screws. Uni-planar pedicle screws provide one degree of
freedom. That is, the bone anchor retained within the anchor seat and, in some systems,
the collet, is free to move with respect to the anchor seat in only one plane, e.g., the
sagittal plane. Motion of the bone anchor is limited to this sagittal plane in conventional
pedicle screws by a pinning or staking process during manufacture of the assemblies to
create a pivot in the sagittal plane. As a result, the height of the bone screw is limited by
the orientation of the rod slot. Unfortunately, if the rod slot isn’t in line with the
trajectory of the rod, the anchor seat must be turned, which results in either advancing or
withdrawing the screw toward and away from the bone surface.

[0003] It is therefore desirable to provide a bone fixation element that allows the
screw head to angulate in a desired plane while also allowing the bone anchor to rotate
freely with respect to the anchor seat without advancing or withdrawing the screw toward

or away from the bone surface.

SUMMARY
[0004] In one embodiment, a bone fixation subassembly is configured to receive
a fixation rod and a locking cap. The bone fixation subassembly includes an anchor seat

and a collet. The anchor seat includes an anchor seat body extending along a central axis
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and defining an upper end and a lower end. The upper end includes a pair of opposing
fixation rod-receiving gaps therebetween that are spaced along a longitudinal axis, and a
bore disposed between the rod-receiving gaps. The collet includes a collet body disposed
in the anchor seat. The collet body is configured to attach to a bone anchor that extends
along an axis of rotation. A bone anchor attached to the collet is permitted to rotate about
the axis of rotation relative to the anchor seat, and the bone anchor is further permitted to
pivot relative to the anchor seat along a desired plane. The bone anchor is prevented
from pivoting in another plane that includes the central axis and is angularly offset with

respect to the desired plane.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] 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 sagittal
pedicle screw systems of the present application, there is shown in the drawings preferred
embodiments. It should be understood, however, that the application is not limited to the
precise arrangements and instrumentalities shown. In the drawings:

[0006] Fig. 1A is a perspective view of a bone fixation assembly constructed in
accordance with one embodiment including a plurality of bone fixation elements
connected by a bone fixation rod, and illustrated schematically as each being affixed to a
vertebra,

[0007] Fig. 1B is a perspective view of one of the bone fixation elements
illustrated in Fig. 1A constructed in accordance with one embodiment, including an
anchor seat, a bone anchor, a collet, and a locking cap;

[0008] Fig. 2 is a perspective view of the bone fixation rod illustrated in Fig.
1A;

[0009] Fig. 3 is a perspective view of the bone anchor illustrated in Fig. 1B;

[0010] Fig. 4A is a perspective view of the anchor seat illustrated in Fig. 1B;

[0011] Fig. 4B is an enlarged portion of a guide provided by the anchor seat
illustrated in Fig. 4A;

[0012] Fig. 5A is an exploded perspective view of the locking cap illustrated in
Fig. 1B;
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[0013] Fig. 5B is a top plan view of the locking cap illustrated in Fig. 5A;

[0014] Fig. 5C is a sectional side elevation view of the locking cap illustrated in
Fig. 5B;

[0015] Fig. 6 is a perspective view of the collet illustrated in Fig. 1B;

[0016] Fig. 7A is a sectional side elevation view of the bone fixation element
illustrated in Fig. 1B taken along line 7A-7A, with the locking cap removed, to illustrate
a bone fixation subassembly;

[0017] Fig. 7B is a sectional side elevation view of the bone fixation
subassembly illustrated in Fig. 7A, and taken along line 7B-7B of Fig. 1B;

[0018] Fig. 7C is a sectional side elevation view similar to Fig. 7A, but showing
the bone fixation element including a fixation rod extending through the anchor seat, and
a locking cap affixed to the anchor seat;

[0019] Fig. 7D is a sectional side elevation view similar to Fig. 7B, but showing
the bone fixation element illustrated in Fig. 7C;

[0020] Fig. 8 is a schematic view illustrating a method for assembling the bone
fixation element illustrated in Fig. 1A;

[0021] Fig. 9A is a sectional side elevation view of a bone fixation subassembly
constructed in accordance with an alternative embodiment, taken from the same
orientation as Fig. 7A;

[0022] Fig. 9B is a sectional side elevation view of the bone fixation illustrated
in Fig. 9A, taken from the same orientation as Fig. 7B;

[0023] Fig. 10A is a top perspective view of a collet of the bone fixation
subassembly illustrated in Figs. 9A-B;

[0024] Fig. 10B is a bottom perspective view of the collet illustrated in Fig.
10A;

[0025] Fig. 11A is a perspective view of a bone fixation subassembly including
an anchor seat extension constructed in accordance with an alternative embodiment;

[0026] Fig. 11B is a perspective view of the anchor seat extension illustrated in
Fig. 11A;

[0027] Fig. 11C is a perspective view of the bone fixation subassembly

illustrated in Fig. 11A, with a potion cut away;
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[0028] Fig. 12A, is a sectional side elevation view of the bone fixation
subassembly illustrated in Fig. 11A, taken along line 12A-12A,;

[0029] Fig. 12B, is a sectional side elevation view of the bone fixation
subassembly illustrated in Fig. 11A, taken along line 12B-12B;

[0030] Fig. 13 is a schematic view illustrating a method for assembling the bone
fixation subassembly illustrated in Fig. 11;

[0031] Fig. 14A is a sectional side elevation view similar to Fig. 12A, but of a
bone fixation subassembly constructed in accordance with another embodiment including
a collet extension;

[0032] Fig. 14B is a sectional side elevation view similar to Fig. 12A, but of the
bone fixation subassembly illustrated in Fig. 14A;

[0033] Fig. 15 is a perspective view of the collet extension illustrated in Fig.
14A,;

[0034] Fig. 16 is a schematic view illustrating a method for assembling the bone
fixation subassembly illustrated in Figs. 14A-B;

[0035] Fig. 17 is a perspective view of a bone anchor installed in a collet in
accordance with another alternative embodiment;

[0036] Fig. 18 is a perspective view a bone fixation subassembly constructed in
accordance with another embodiment, including the anchor and collet of Fig.17 installed
in an anchor seat, with a portion cut away;

[0037] Fig. 19A is a sectional side elevation view of the bone fixation
subassembly illustrated in Fig. 18, taken along line 19A-19A,;

[0038] Fig. 19B is a sectional side elevation view of the bone fixation
subassembly illustrated in Fig. 18, taken along line 19B-19B;

[0039] Fig. 20 is a sectional side elevation view similar the bone fixation
subassembly of Fig. 19B, showing pivotal movement of the anchor seat relative to the
bone anchor in the sagittal plane;

[0040] Fig. 21A is a sectional side elevation view similar to Fig. 19A, but of a
bone fixation subassembly constructed in accordance with another alternative

embodiment;
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[0041] Fig. 21B is a sectional side elevation view similar to Fig. 19B, but of the
bone fixation subassembly illustrated in Fig. 21A;

[0042] Fig. 22 is a perspective view of a collet of the bone fixation subassembly
illustrated in Fig. 21A;

[0043] Fig. 23 is a perspective view of a collet of a bone fixation subassembly
constructed in accordance with another embodiment;

[0044] Fig. 24 is a schematic view illustrating a method for assembling the bone
fixation subassembly illustrated in Fig. 23; and

[0045] Fig. 25 is a sectional top plan view of the bone fixation subassembly

illustrated at step 5 of Fig. 24.

DETAILED DESCRIPTION

[0046] Certain terminology may be used in the following description for
convenience only and should not be considered as limiting in any way. For instance, a
bone fixation assembly 20 includes one or more bone fixation elements 22, and four bone
fixation elements 22A-D as illustrated in Fig. 1A. As shown in Fig. 1B, each bone
fixation element 22 extends vertically along an axial direction A, and generally
horizontally along a radial direction R extends perpendicular to the axial direction A.
Thus, the radial direction R includes a longitudinal direction L and a lateral direction LA
that extends perpendicular to the longitudinal direction L. It should be appreciated that
the directional terms “longitudinal,” “lateral,” can likewise apply to the bone fixation
assembly 20 as extending horizontally, and the directional term “transverse” can refer to
a vertical direction. The bone fixation element 22 defines an upper end 21 and a lower
end 23, such that the directional terms “upper” and “lower” and derivatives thereof refer
to a direction from the lower end 23 towards the upper end 21, and from the upper end 21
towards the lower end 23, respectively.

[0047] The words “inward,” “outward,” “upper,” “lower,” “distal,” and
“proximal,” refer to directions toward or away from, respectively, the geometric center of

2% ¢

the bone fixation assembly 20 and its components. The words, “anterior”, “posterior”,
“superior,” “inferior” 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. It should further be appreciated that while round structures define diameters as
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described herein, the round structures could be replaced with alternative (e.g., polygonal)
structures which would define alternative cross-sectional dimensions opposed to
diameters. The term “diameter” as used herein is intended to include all such alternatives
unless otherwise specified. The terminology includes the above-listed words, derivatives
thereof and words of similar import.

[0048] It should be appreciated that the directional terms are used herein with
reference to the orientation of the bone fixation assembly 20 and its components as
illustrated, and that the actual orientation of the bone fixation assembly 20 and its
components may change during use. For instance, the axial direction is illustrated as
extending along a vertical direction, and the radial direction is illustrated as extending
along a horizontal direction, however the directions that encompass the various directions
may differ during use, depending, for instance, on the desired orientation of the bone
fixation assembly 20 during use. Accordingly, the directional terms are used herein
merely for the purposes of clarity and convenience only, in a non-limiting manner.

[0049] Referring now to Fig. 1A, the bone fixation assembly 20 includes a
plurality of bone fixation elements, such as bone fixation elements 22A-D, connected by
a fixation rod 24 that extends along a longitudinal axis L. The bone fixation elements
22A-D each include a bone anchor 30 that is implanted (e.g., screwed) into a
corresponding vertebra 27A-D. Unless otherwise specified, the bone fixation assembly
20 and its components can be made from titanium-aluminum-niobium alloy (TAN),
implant-grade 316L stainless steel, or any suitable alternative implant-grade material.

[0050] With continuing reference to Fig. 1A, the bone fixation elements 22A-D
will be described as and may be generally implanted in the spine, for instance at the
pedicle portion of a lumbar, thoracic, or cervical vertebral body. In this regard, when the
bone fixation elements 22A-D are joined by the rod 24, the assembly 20 fixes the relative
position of the vertebrae (illustrated schematically at 27A-D). Accordingly, the bone
fixation elements 22A-D can be referred to as spine fixation elements or pedicle screw
assemblies, the fixation rod 24 can be referred to as a spinal rod, and the bone fixation
assembly 20 can be referred to as a spine fixation assembly. However, it should be

appreciated that the bone fixation assembly 20 can also be used for fixation of other parts
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of the body, such as joints, long bones, or bones in the hands, face, feet, extremities,
cranium, and the like.

[0051] As shown in Fig. 2, the fixation rod 24 is clongate along a longitudinal
axis L, and includes a body 25 that is cylindrical or tubular in shape. The longitudinal
axis L extends generally in a cranial-caudal direction, or in the sagittal plane, when the
bone fixation assembly is affixed to the spine. The rod body 25 may include, but is not
limited to, a solid body, a non-solid body, a flexible or dynamic body, or the like, and can
assume any alternative shape as desired. It should thus be appreciated that the bone
fixation assembly 20 is not limited in use to any particular fixation rod 24.

[0052] Referring now to Fig. 1B, the bone fixation elements 22A-D of the bone
fixation assembly 20 will now be described with respect to the bone fixation element 22.
In particular, the bone fixation element 22 generally includes a bone fixation
subassembly 75, and a locking cap 34. The subassembly 75 is illustrated as including a
bone anchor seat 26, a collet 28 disposed inside the anchor seat 26, a bone anchor 30
(shown as a threaded bone screw) having a head portion 33 (see Fig. 3) attached to the
collet 28. The locking cap 34 is installed in the anchor seat 26 at a location above the
collet 28, such that the fixation rod 24 is located in a rod slot 36 that is disposed, and as
illustrated defined, between the collet 28 and the locking cap 34. As will be appreciated
from the description below, the bone anchor 30 is free to pivot with respect to the anchor
seat 26 in a desired plane, which can be the sagittal plane, and can further freely rotate
relative to the anchor seat 26. Because pivotal motion of the bone anchor is limited to the
desired plane, the bone fixation elements 22 can be referred to as a uni-planar bone
fixation element, and the bone fixation assembly can be referred to as a uni-planar bone
fixation assembly.

[0053] Referring also to Fig. 3, the bone anchor 30 is configured as a bone
screw, or pedicle screw, that includes an externally threaded shaft 31 coupled at its upper
end to an enlarged curved head 33. The shaft 31 extends axially along a central axis B of
rotation, and can define any suitable diameter, length, and thread design so as to engage
the underlying bone, such as a vertebra 27. Alternatively, the shaft 31 can be unthreaded
so as to define a pin or a nail if desired. Thus, one skilled in the art will appreciate that

the bone anchor 30 is not limited to any particular type of shaft 31. The bone anchor 30
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may also be cannulated and fenestrated such that openings extend radially outward from
a central hollow channel in a cannulated shaft to urge fluid out of the bone anchor 30
during injection or draw fluid into the central hollow channel from the radial sides of the
anchor during extraction of material adjacent the anchor if desired.

[0054] The bone anchor 30 further includes a vertically extending neck 35
connected between the shaft 31 and the head 33. The neck 35 is illustrated as extending
axially in a direction parallel to axis B, and includes an outer neck surface 37 that defines
a neck diameter, which is less than the diameter of the head 33.

[0055] The head 33 can define a semi-spherical curvature, or can alternatively
define any suitable curvature as desired to facilitate rotation with respect to the collet 28
as is described in more detail below. The head 33 defines a pivot location that extends
along a lateral pivot axis of rotation LAp that extends through the head in a direction
parallel to the lateral axis LA. The head 33 further defines a pivot location that extends
along a longitudinal axis of rotation Lp that extends through the head in a direction
parallel to the longitudinal axis L. The head 33 also includes a drive surface 39
configured to receive a corresponding tip of a drive tool, such as a screw driver
configured to rotate the bone anchor 30 into engagement with the vertebrae 27 or other
underlying bone surface. The drive surface 39 can define a hexagon, a star drive pattern,
a Phillips head pattern, a slot for a screw driver, threads configured to receive
corresponding threads of a threaded drive post, or any suitable drive tool engaging
structure as desired.

[0056] Referring now to Fig. 4A, the anchor seat 26 includes an anchor seat
body 38 that can be described as a generally cylindrical tubular body extending centrally
along an axial axis A that extends generally in the anterior-posterior direction in the
sagittal plane when the bone fixation element is implanted in the underlying vertebra.
Thus, as known by those having ordinary skill in the art, the longitudinal axis L and the
axis A extend substantially in the sagittal plane when the bone fixation assembly 20 is
fixed in the vertebrae 27. The body 38 includes a base 40 and a pair of spaced opposing
arms 42 extending out (up in illustrated the orientation) from the base 40. The arms 42
can be substantially identically or identically constructed. The arms 42 define

corresponding upper ends 46 that are also the upper ends of the body 38, and define an
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upper opening 48. The base 40 defines a lower end 50 that is also the lower end of the
body 38, and defines a lower opening 52. The body 38 defines an axial bore 54
extending from the lower opening 52 to the upper opening 48.

[0057] The body 38 includes a pair of spaced opposing support walls 56 and a
pair of spaced opposing spacer walls 58 connected between the support walls 56. The
support walls 56 can be substantially identically or identically constructed, and the spacer
walls 58 can likewise be substantially identically or identically constructed. The arms 42
extend up from respective support walls 56, and can be shaped as desired. As illustrated,
the arms 42 are arc-shaped with the axis of the arc passing through the plane of symmetry
that bisects the anchor seat 26. Each arm 42 extends circumferentially about its axis less
than 180°, such as between 60° and 150 °, for instance approximately 90 °. In one highly
preferred embodiment, each arm 42 extends circumferentially 90.5° about its axis.
Accordingly, a gap G extends circumferentially between adjacent circumferentially outer
ends of the arms 42. The opposing gaps G are in alignment with the axial bore 54. The
arms 42 can be disposed radially opposite each other such that the gaps G, in combination
with the aligned portion of the axial bore 54, define a rod-receiving channel 36 that is
sized and configured to receive the fixation rod 24 such that the fixation rod 24 extends
through the bone fixation element 22. Thus, the gaps G are aligned in the longitudinal
direction. The fixation rod 24 can thus extend through the opposing gaps G and the axial
bore 54. The arms 42 define radially inner and outer surfaces 60 and 62, respectively.
The inner surfaces 60 define threads 62, and are configured to threadedly receive the
locking cap 34, as will now be described.

[0058] In particular, referring to Figs. SA-C, the locking cap 34 is illustrated as
a set screw 64 and a saddle 66 operatively coupled to the set screw 64. The set screw 64
includes a generally cylindrical set screw body 65 having external threads 68 configured
to threadedly engage the threads 62 formed on the inner surfaces 60 of the arms 42. In
accordance with one embodiment, the threads 68 and 62 can incorporate inclined load
flanks forming an angle with respect to the axis A of the bone fixation element 22. The
load flanks may converge so that the top surface of the thread and the bottom surface of
the thread converge. The angle may be between 0 degrees (0°) and 30 degrees (30°), and

in one embodiment can be about five degrees (5°). One skilled in the art will appreciate
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that the threads may take on any alternative form as desired, including negative load
threads, perpendicular threads, buttress threads, or the like.

[0059] The externally threaded set screw 64 generally provides flexibility when
inserting the fixation rod 24 into the anchor seat body 38 such that the fixation rod 24
need not be completely reduced or seated within the body 38 prior to engagement of the
locking cap 34. The set screw 64 is configured to be tightened within the anchor seat 26
against the fixation rod 24. The locking cap 34 may be constructed as desired for this
purpose including, but not limited to, an externally threaded cap, a quarter-turn or partial-
turn locking cap, a two-piece screw set, or the like.

[0060] The set screw 64 is illustrated as including a drive surface 70 provided as
an internal recess extending vertically down into the upper end of the screw 64. The
drive surface has any suitable shape configured to cooperate with a corresponding drive
tool for threadedly securing the set screw 64 onto the anchor seat body 38. The drive
surface 70 can define any shape as desired, for instance an external hexagon, a star drive
pattern, a Phillips head pattern, a slot for a screw driver, a threading for a correspondingly
threaded post, or the like.

[0061] With continuing reference to Figs. SA-C, the saddle 66 includes a saddle
body 72 having a transverse recess 74 extending up into the bottom end of the saddle
body 72. The recess 74 can define a round surface that extends about a longitudinally
extending axis, such that the recess 74 is configured to receive the fixation rod 24 at a
rod-contacting surface 76. The rod-contacting surface 76 can include a desired surface
finish that adds roughness, such as, for example, a knurl, bead blasting, grooves, or other
textured finish that increases surface roughness and enhances rod push through strength.

[0062] The saddle 66 can be coupled to the set screw 64 in any desired manner,
including adhesion, mechanical fastening, and the like. In the illustrated embodiment, the
saddle 66 includes a stem 78 extending centrally upward from the saddle body 72. The
stem 78 is configured to be received in a central bore 32 extending vertically into the
lower end of the set screw body 65, and can be fastened within the central bore with a
rivet 80 or other like fastener. Accordingly, the saddle 66 is rotatable relative to the set

screw 64, such that the saddle 66 can self-align with the fixation rod 24 as the set screw

10
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64 is being rotated with respect to the anchor seat 26, for instance when the locking cap
34 is being tightened against the fixation rod 24.

[0063] Referring again to Fig. 4A, and as described above, the anchor seat body
38 includes a pair of spaced opposing support walls 56 and a pair of spaced opposing
spacer walls 58 connected between the support walls 56. The arms 42 extend up from
respective support walls 56, such that the spacer walls 58 are disposed between the arms
42. Each of the spacer walls 58 defines opposing upper ends 84 and lower ends 82 that
can be shaped as desired. The upper ends 84 are round in accordance with the illustrated
embodiment, such that the upper ends 84 and the circumferentially outer ends of the arms
42 are adjoined to generally define a U-shape from a horizontal view through the gaps G.
Thus, the upper ends 84 define the lower end of the gaps G.

[0064] The upper ends 84 can be shaped to conform generally with the outer
surface of the fixation rod 24, such that the upper ends 84 receive and engage the fixation
rod 24 during use. Alternatively, the upper ends 84 can be spaced slightly below the
upper surface of the collet 28, such that the collet 28 supports the fixation rod 24 during
use, as will be described in more detail below.

[0065] The support walls 56 each define opposing inner and outer surfaces 86
and 88, respectively. The support walls 56 flare inward toward axis A in a downward
direction from the arms 42, and terminate at respective lower ends 90. The inner surfaces
86 of each support wall 56 at the lower end 90 define a distance D therebetween that is
less than the distance between opposing radially opposing inner surfaces 60 of the arms
42, and greater than the diameter of the head 33 of the bone anchor 30. The inner
surfaces 86 flare radially inward toward the central axis A, and toward each other, along
a downward direction, and are each connected to bottommost, and innermost, surfaces
that define respective longitudinal guide walls 92.

[0066] Referring also to Fig. 4B, each guide wall 92 defines respective inner
guide surfaces 93 that extend in a desired plane through which the bone anchor 30 is
permitted to pivot relative to the anchor seat 26. In the illustrated embodiment, the
desired plane is the sagittal plane SP. It should be appreciated in alternative

embodiments that the anchor seat 26 can be constructed such that the guide walls 92
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extend in any desired alternative plane, such as a plane defined by the medial-lateral and
anterior-posterior directions.

[0067] Referring also to Fig. 7A, the opposing guide walls 92 define a distance
therebetween that is substantially equal to the diameter of the neck 35, such that the guide
walls 92 are configured to abut opposing abutment surfaces of the bone anchor, which are
illustrated as opposing sides of the outer neck surface 37 when the bone anchor 30 is
disposed in the anchor seat 26. The opposing sides of the outer neck surface 37 are
spaced along a lateral axis that is perpendicular to the longitudinal axis L. Accordingly,
the guide walls 92 prevent the bone anchor 30 from pivoting along a first direction D
toward either guide wall 92 with respect to the anchor seat 26, for instance about the
longitudinal pivot axis Lp. Thus, the guide walls 92 provide a guide or track that permits
the bone anchor 30 to pivot along the guide or track only in a desired plane that is defined
by the guide wall 92 (e.g., sagittal plane) and includes the axis A, and prevents the bone
anchor 30 from pivoting in any other plane that 1) includes the axis A, and 2) intersects
the desired plane. When the anchor 30 pivots in the desired (e.g., sagittal) plane, the axis
of rotation B becomes angularly offset with respect to the central axis A of the
subassembly 75.

[0068] Alternatively, the guide walls 92 can be spaced apart a distance greater
than the diameter of the neck 35, but disposed within close proximity of the bone anchor
30, so as to limit pivotal movement of the bone anchor 30 relative to the anchor seat 34 in
the first direction D in a plane that is perpendicular to the desired (e.g., sagittal plane), for
instance about the longitudinal pivot axis Lp. The bone anchor 30 can pivot about the
longitudinal pivot axis Lp through a range of angles defined by the central anchor axis B
and the central anchor seat axis A that is less than 10°, for instance less than 5°, such as
0°. The distance between the opposing guide walls 92 is less than the diameter of the
head 33 of the bone anchor 30, while the inner surfaces 86 define a distance therebetween
that is slightly greater than the diameter of the anchor head 33.

[0069] Referring now to Figs. 4 and 7B, the lower ends 82 of the spacer walls
58 are connected between the outer ends of the opposing support walls 56, and extend in
a direction substantially perpendicular to the guide walls and perpendicular to the

longitudinal axis L. Furthermore, the lower ends 82 are upwardly displaced with respect
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to the guide walls 92. Accordingly, the lower ends 82 are positioned to permit the bone
anchor 30 to pivot in a second direction E about the lateral pivot axis LAp along a second
plane (e.g., the sagittal plane) relative to the anchor seat 26 until the neck 35 of the bone
anchor 30 abuts one of the lower ends 82. In this regard, the lower ends 82 can be
referred to as stops. Because the lower ends 82 are displaced above the guide walls 92,
the bone anchor can pivot more in the second direction E than in the first direction D.
For instance, as illustrated, the bone anchor 30 can pivot such that the central axis B of
the bone anchor can be angularly offset with respect to the central axis A of the anchor
seat 26 through a range of angles +/- between 0° and 90° with respect to the vertical, such
as between 5° and 45°, including between 15° and 35°, for instance 25° in the sagittal
plane before the neck 35 abuts the lower ends 82. The neck 35 of the anchor 30 can ride
along the guide wall 92 as it pivots in the sagittal plane SP.

[0070] Referring now to Fig. 6, the collet 28 includes a collet body 45 that
defines a first or upper end 47 sized and configured to contact or support at least a portion
of the fixation rod 24 when the rod is received within the rod-receiving channel 36, and a
second or lower end 49 sized and configured to contact or otherwise engage, directly or
indirectly, a portion of the bone anchor head 33. The collet body 45 is annular, and thus
defines an axial bore 53 extending between and through the upper and lower ends 47 and
49. The axial bore 53 is aligned with the axial bore 54 when the collet 28 is installed in
the anchor seat 26.

[0071] Referring to Figs. 6 and 7A-B, the upper end 47 defines radially
opposing upwardly facing seat portions 51 having a curvature or semi-spherical shape
corresponding to the outer surface of the fixation rod 24, and is therefore configured to
receive or otherwise support at least a portion (e.g., a lower portion) of the rod 24. The
lower end 49 defines an inner surface 55 defining a curvature or semi-spherical shape
corresponding to the outer surface of the anchor head 33, and is therefore configured to
receive or otherwise engage at least a portion of the head 33, so that the head can rotate
with respect to the collet 28 and the anchor seat 26, and can further pivot with respect to
the collet 28 as permitted by the anchor seat 26. Because the bone anchor 30 can freely
rotate about its axis of rotation B relative to the anchor seat 26, and thus the anchor seat

26 can likewise rotate about the bone anchor 30, the rod-receiving channel 36 can be
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aligned with the fixation rod 24 without advancing or withdrawing the bone anchor 30 in

or out of the underlying bone. Thus, the bone anchor 30 can maintain a constant insertion
depth in the underlying bone (e.g., vertebra 27) while adjusting the orientation of the rod-
receiving channel 36.

[0072] The collet 28 further includes a pair of flanges 57 extending up from the
upper end 47 of the collet body 45 at a location radially between the seat portions 51. A
locking lip 59 extends radially out from each flange 57. As best shown in Fig. 7A, the
anchor seat 26 defines a pair of opposing recesses 61 formed radially in the opposing
inner surfaces 86 of the support walls 56 at a location below the threaded inner surfaces
60 of the arms 42. During operation, the collet 28 can be inserted down into the anchor
seat 26, thereby causing the flanges 57 to flex inwardly past the threaded inner surfaces
60, until the lips 59 clear the upper ends 63 of the recesses 61, at which point the flanges
57 snap back out so that the lips 59 are disposed in the recesses 61. Interference between
the lips 59 and the upper ends 63 prevent the collet 28 from backing out through the
upper end of the anchor seat 26. The recesses 61 further define a circumferential length
substantially equal to that of the flanges 57 and locking lips 59, such that the collet 28 is
rotationally fixed with respect to the anchor seat 26 in a position whereby the upper
surface 47 is aligned with the fixation rod 24 when the fixation rod 24 is inserted into the
anchor seat 26.

[0073] The lower end 49 of the collet 28 defines an outer diameter that is
greater than the inner distance between the guide walls 92. Accordingly, the collet 28 is
unable to pass axially down through the lower end of the anchor body 26. The lower end
49 includes one or more slots 67 (illustrated as a plurality of slots) extending radially
therethrough so as to define opposing pluralities of fingers 69A and 69B. When the
collet 28 is disposed in the anchor seat 26 such that the lips 59 are disposed in the
respective recesses 61, the fingers 69A are axially aligned with the guide walls 92, and
the fingers 69B are axially aligned with the lower ends 82 of the spacer walls 58. Thus,
as shown in Figs. 7A-B, when the collet 28 and anchor 30 are installed in the anchor seat
24, the fingers 69A and 69B radially expand to conform with the outer surface of the
anchor head 33 and the inner surfaces of the support walls 56 and spacer walls 58,

respectively, as illustrated in Figs. 7A-B. The inner diameters defined by the opposing
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fingers 69A and 69B are less than the outer diameter of the anchor head 33 to prevent the
anchor 30 from being removed from the anchor seat 26 in an axially downward direction.

[0074] The lower ends of the fingers 69A terminate at a location above the
guide walls 92, and the lower ends of the fingers 69B terminate at a location above the
lower ends 82. Accordingly, the fingers 69A and 69B do not interfere with the
engagement between the anchor neck 35 and the guide walls 92 and lower ends 82, and
thus do not interfere with the permissible movement of the bone anchors 30 relative to
the anchor seat 26. Alternatively, one or both of the pluralities of fingers 69A-B could
extend below the anchor seat 26, and thus abut the anchor 30 in the manner described
above with respect to the guide 92 and stop surface 82 so as to direct movement of the
bone anchor 30 in a desired direction (e.g., pivot in the sagittal plane).

[0075] Referring now to Fig. 8, a method for assembling a bone fixation
subassembly 75 includes at step 1, inserting the bone anchor 30 vertically down through
the axial bore 54, such that the shaft 31 extends through the lower opening 52 of the
lower end 50 of the anchor seat 26. Next, at step 2, the collet 28 is inserted into the axial
bore 54 to a location whereby the locking lips 59 can engage the lowermost threads 62 of
the inner surface 60 of the arms 42. Next, at step 3, an upward force can be applied to the
bone anchor 30 so as to insert the anchor head 33 into the lower end 49 of the collet 28.
The locking lips 59 of the collet 28 brace against the anchor seat 26 inside the threads 62
to prevent the upward force applied by the screw 28 from causing the collet 28 to back
out of the upper opening of the anchor seat 26. At step 4, a downward force is applied to
the collet 28, thereby inserting the locking lips 59 into the recesses 61 in the manner
described above, and locking the anchor 30 and collet 28 in the anchor seat 26.

[0076] It should thus be appreciated that the subassembly 75 can include the
collet 28 installed in the anchor seat 26, and the bone anchor 30 installed in the collet 28.
In alternative embodiments, a subassembly can be provided include the collet installed in
the anchor seat without a bone anchor installed in the collet. In these embodiments, the
bone anchor can be implanted into underlying bone before the anchor head is inserted
into the collet. The anchor 30 can comprise a pin or nail, or a screw as desired. It should
be appreciated that the bone fixation subassembly 75 and the alternative bone fixation

subassemblies described herein can likewise be referred to as spine fixation
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subassemblies when, for instance, they are configured for implantation into one or more
vertebrae for vertebral fixation.

[0077] During use, because the bone anchor 30 is rotatable with respect to the
collet 28 and the anchor seat 26, a driving tool can engage the drive surface 39 of the
head 33 so as to insert the threaded shaft 31 into the underlying bone, as shown in Fig.
IA. Next, as shown in Figs. 7A-D, the anchor seat 26 can be rotated about axis A in the
direction of Arrow R about the full 360° range of angles so as to align the rod-receiving
channel 36 with the longitudinal axis of the fixation rod 24. Once the bone anchor 30 has
reached a desired depth in the underlying vertebra, the fixation rod 24 can be inserted into
the subassembly 75. In particular, the fixation rod 24 is inserted into the axial bore 54
either horizontally through the gaps G, or vertically down into the axial bore 54. It
should be appreciated that the fixation rod 24 will be seated in the upper end 47 of the
collet 28.

[0078] With continuing reference to Figs. 7A-D, once the rod 24 is installed in
the subassembly 75, the locking cap 34 can be attached to the subassembly 75 so as to
fully assembly the anchor assembly 22. In this regard, it should be appreciated that the
subassembly 75 can further include the fixation rod 24 and/or the locking cap 34. In the
illustrated embodiment, the external threads 68 of the set screw 64 are rotated within the
inner threads 62 of the anchor seat arms 42, thereby causing the set screw and saddle 66
to move axially down in the axial bore 54. As the saddle 66 approaches the fixation rod
24, the saddle 66 is rotated with respect to the set screw 64 so as to bring the rod-
contacting surface 76 into alignment with the fixation rod 24. Once the saddle 66 is
aligned with the fixation rod 24, the set screw 64 is continuously threadedly inserted into
the bone anchor 26, such that the locking cap 34 can be tightened against the rod 24,
thereby applying a downward axial force to the rod 24. The locking cap 34 can be said to
be in an initial position when installed in the locking cap 34 but before applying an axial
force against the fixation rod 24. The axial force applied to the rod 24 by the locking cap
34 is transmitted to the collet 28, which causes the fingers 69A to ride along the inner
surfaces 86 of the support wall 56, and fingers 69B to ride along the radially inner

surfaces of the spacer walls 58.
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[0079] As the fingers 69A ride along the inner surfaces 86, they become radially
inwardly displaced due to the inward flare of the inner surfaces 86, thereby radially
biasing, or radially compressing, the fingers 69A against the anchor head 33. Likewise, as
the fingers 69B ride axially down along the radially inner surfaces of the spacer walls 58,
the fingers 69B become disposed between the anchor head 33 and the spacer walls 58,
thereby radially compressing the fingers 69B against the anchor head 33. Increasing
radial compression of the fingers 69A-B against the anchor head 33 causes frictional
forces between the fingers 69A-B and the anchor head 33 that resist both rotation of the
anchor 30 about the axis A relative to the anchor seat 26, collet 28, and fixation rod 24,
and also resist pivoting of the anchor, for instance in the sagittal plane. When the locking
cap is fully tightened to a locked position, the resulting frictional forces prevent the
anchor 30 from movement relative to the anchor seat 26, collet 28, and fixation rod 24.
Thus, the locking cap 34 is configured to transmit a locking force onto the collet 28 and
bone anchor 30 to fix or lock the position of the bone anchor 30 relative to the anchor
seat 26 and fixation rod 24. Furthermore, when the locking cap 34 is in the locked
position, the fixation rod 24 is captured between the saddle 66 and the upper surface of
the collet 28 such that the anchor seat 26 is prevented from movement relative to the
fixation rod 24.

[0080] It should be appreciated that any time after the bone anchor 30 installed
in the anchor seat 26 and before the bone anchor 30 is locked in place, the bone anchor
30 can be pivoted in the sagittal plane SP about the lateral pivot axis LAp in the manner
described above, while the bone anchor 30 is prevented from pivoting in all other planes.
Because the guide walls 92 prevent the bone anchor 30 from pivoting about an axis that is
angularly offset with respect to the lateral pivot axis LAp in the illustrated embodiment,
the surgeon is assured that the anchor 30 can only pivot in the sagittal plane SP, and will
not cause the vertebrae 27 to become misaligned due to movement of the bone anchor 30
in a direction other than in the sagittal plane. Accordingly, the bone fixation assembly 20
incorporating the bone fixation elements 22 has particular utility in addressing spinal
misalignments such as the rotational component of a scoliosis deformity.

[0081] In one particular method, the locking cap 34 can be tightened against the

rod to an intermediate position that sufficiently radially compresses the fingers 69A-B
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against the bone anchor 30 that prevents the bone anchor 30 from freely pivoting in the
sagittal plane, for instance under gravitational forces, while allowing a surgeon to
pivotally adjust the angular position of the bone anchor 30 in from an initial position in a
desired plane to a desired position in the desired plane by applying a force to the bone
anchor 30 that overcomes the friction between the bone anchor 30 and the fingers 69A-B.
In the illustrated embodiment, the desired plane is the sagittal plane Once the bone
anchor 30 is in the desired angular position in the sagittal plane, the locking cap 34 can be
further tightened to a locked position whereby the bone anchor 30 is locked in place in
the desired angular position in the desired plane. It should be appreciated that the end
cap 34 can be unthreaded from the locked position into the intermediate position or the
initial position if it is desired to further adjust the angular position of the bone anchor 30.

[0082] It should be appreciated that the above-described method steps can be
performed for each bone fixation element of the bone fixation assembly 20 as desired.
Furthermore, the method steps described above need not be performed in the order
described, and it should be appreciated that that one or more of the steps can be omitted if
desired. It should be further appreciated that while the guide walls 92 prevent the bone
anchor 30 from pivoting in a first plane that intersects the sagittal plane relative to the
anchor seat 26 and fixation rod 24, the guide walls 92 could alternatively be slightly
spaced with respect to the neck 35, such that the anchor 30 can pivot about a first plane
that intersects the second sagittal plane within an angular range that is less than the
angular range that the anchor 30 can pivot in the sagittal plane.

[0083] Referring to Figs. 1-8 generally, one or more bone fixation assemblies
20 can be provided as one or more bone fixation elements 22 provided as a bone fixation
kit. The kit can include at least one of the following components: one or more bone
anchors 30, one or more locking caps 34, one or more collets 28, one or more fixation
rods 24, one or more anchor seats 26, and/or one or more preassembled bone fixation
subassemblies 75, including a bone anchor 30 and collet 28 pre-installed in the anchor
seat 26 in the manner described above. Thus, the surgeon can implant the bone anchor 30
of a plurality of subassemblies in an underlying bone, such as a vertebra, and the anchor
seats of the subassemblies can be coupled to a fixation rod 24 in the manner described

above. It should further be appreciated that the components included in the kit may vary
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by at least one characteristic. For example, the components included in the kit can vary
in size and shape, and/or they can be constructed in accordance with alternative
embodiments as described herein, or they could be identically constructed with the same
size and shape. For instance, fixation rods 24 and bone anchors 30 can be provided
having different diameters and lengths, and the bone anchors 30 can be provided as
screws and nails or pins. Alternatively, several kits can be provided, each individual kit
including components corresponding to a particular size, and shape, and embodiment,
wherein the size, shape, and/or embodiment of the components of the kits can vary from
kit to kit.

[0084] While the bone fixation element 22 has been illustrated and described in
accordance with one embodiment, it should be appreciated that bone fixation elements, a
bone fixation assembly incorporating the bone fixation elements, and bone fixation kits
can be constructed in accordance with several alternative embodiments.

[0085] For instance, referring to Figs. 9-10, a bone fixation subassembly 175
constructed in accordance with an alternative embodiment is illustrated including
reference numerals corresponding to like elements of the bone fixation subassembly 75
incremented by 100. Thus, the bone fixation subassembly 175 can be constructed as
described with respect to the bone fixation subassembly 75 except as otherwise noted. It
should be appreciated that one or more up to all of the bone fixation elements of the bone
fixation assembly 20 can include the bone fixation elements 22 or alternative bone
fixation elements as described herein, one or more of which can include the bone fixation
subassembly 75, the bone fixation subassembly 175, or any alternative bone fixation
subassembly as described herein.

[0086] The bone fixation subassembly 175 includes an anchor seat 126, and a
collet 128 preinstalled in the anchor seat 126. The subassembly 175 can further include a
bone anchor 30 preinstalled in the collet 128, which in turn is preinstalled in the anchor
seat 126. Alternatively, the subassembly 175 can include the collet 128 preinstalled in
the anchor seat 126, and the bone anchor 30 can be later installed as desired.

[0087] The anchor seat 126 includes an anchor seat body 138 extending
centrally along the central axis A. The body 138 includes a base 140 and a pair of spaced
opposing arms 142 extending up from the base 140. The base 140 defines a lower end
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150 that is also the lower end of the body 138, and defines a lower opening 152. The
body 138 defines an axial bore 154 extending from the lower opening 152 to the upper
opening 148.

[0088] The arms 142 extend up from respective support walls 156, and the
opposing spacer walls 158 are connected between the support walls 156. The arms 142
define internal threads 162 that are configured to engage the external threads 68 of the
locking cap 34 as described above. The arms 142 further define gaps G therebetween
that are configured to receive the fixation rod 24 as described above. The support walls
156 flare radially inward toward axis A in a downward direction from the arms 142
toward the lower end 150. The lower ends 150, in combination with the collet 128, limit
pivotal movement of the bone anchor 30 to a single plane, such as the sagittal plane, as
described above. The bone anchor 30 can also rotate about its central axial axis B
relative to the collet 128 and anchor seat 126 in the manner described above.

[0089] The collet 128 includes a collet body 145 that defines a first or upper end
147 sized and configured to contact or support at least a portion of the fixation rod 24
when the rod is received within the rod-receiving channel 136, and a second or lower end
149 sized and configured to contact or otherwise engage, directly or indirectly, a portion
of the bone anchor head 33. The upper and lower ends 147 and 149 are constructed as
described above, except the collet body 145 includes a finger extension 173 defining the
bottom end of each of the fingers 169A.

[0090] Accordingly, when the collet 128 is installed in the anchor seat 126 to
provide the preassembled bone fixation subassembly 175, the finger extensions 173
extend through the lower opening 152 of the base 140. The fingers 169A and finger
extensions 173 define inner surfaces 155 that in combination define a curvature or semi-
spherical shape corresponding to the outer surface of the anchor head 33, and is therefore
configured to receive or otherwise engage at least a portion of the head 33. The lower
ends of the fingers 169B terminate at a location displaced above the lower ends of the
extensions 173, and are disposed above the lower opening 152 of the base 140 when the
collet 128 is installed in the anchor seat 126.

[0091] The bone fixation subassembly 175 is constructed by inserting the collet
128 down through the top of the anchor seat 126 until the locking lips 59 extend in the
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corresponding recesses 161. The fingers 169A and extensions 173, along with the fingers
169B, are placed over the head 33 of the bone anchor 30, and a downward force is
applied until the fingers 169A-B and extensions 173 expand radially outward to capture
the head 33 of the bone anchor 30 therein. The threaded shaft 31 of the bone anchor 30
may already be implanted into bone prior to popping the collet 128 over the head 33 of
the bone anchor 30. It should be appreciated that the diameter of the anchor shaft 31 is
not limited by the diameter of the opening 152 of the base 140. Thus, the diameter of the
anchor shaft 31 can be greater than the opening 152 of the base 140. Alternatively, the
diameter of the anchor shaft 31 can be smaller than that of the opening 152, such that the
bone anchor 30 can be inserted down through the upper opening of the anchor seat 126
and installed in the collet 128 in the manner described above with respect to the bone
fixation element 22.

[0092] The radially inner ends of the lower ends of the finger extensions 173
define guide walls 192 that are spaced apart a distance substantially equal to the cross-
sectional dimension of the anchor neck 35. The guide walls 192 therefore abut the neck
35 when the head 33 is captured in the collet 128. Accordingly, the guide walls 192
permit the anchor 33 to pivot only in a desired plane that is parallel to the guide walls
192, or about the lateral pivot axis LAp (e.g., the sagittal plane). The permitted
angulation in the sagittal plane is limited by contact between the neck 35 and the lower
ends of the spacer walls 158 in the manner described above with respect to the bone
fixation element 22. Once the bone anchor 30 has been installed in the subassembly 175,
the bone anchor 30 is free to rotate with respect to the collet 128 and the anchor seat 126
about the central axis B as described above, which can be coincident with the central axis
A of the anchor seat 126, or angularly offset in the sagittal plane. Once the gaps G are
aligned with the longitudinal axis L of the fixation rod 24, the fixation rod 24 and locking
cap 34 can be installed in the subassembly 175 in the manner described above.

[0093] Referring now to Figs. 11-13, a bone fixation subassembly 275
constructed in accordance with an alternative embodiment is illustrated including
reference numerals corresponding to like elements of the bone fixation subassembly 75
incremented by 200. Thus, the bone fixation subassembly 275 can be constructed as

described above with respect to one or both of the bone fixation subassemblies except as
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otherwise described. It should be appreciated that one or more up to all of the bone
fixation elements of the bone fixation assembly 20 can include the bone fixation elements
22 or alternative bone fixation elements as described herein, one or more of which can
include the bone fixation subassembly 275 as will now be described.

[0094] The bone fixation subassembly 275 includes an anchor seat 226, and a
collet 228 preinstalled in the anchor seat 226. The subassembly 275 can further include a
bone anchor 230 preinstalled in the collet 228, which in turn is preinstalled in the anchor
seat 226. Alternatively, the subassembly can include the collet 228 preinstalled in the
anchor seat 226, such that the bone anchor 230 can be later installed as desired. For
instance, the bone anchor 230 can be installed into the subassembly 275 interoperatively
(e.g., after the bone anchor 630 has been affixed in a vertebrae).

[0095] The anchor seat 226 includes an anchor seat body 238 extending
centrally along the central axis A. The body 238 includes a base 240 and a pair of spaced
opposing arms 242 extending up from the base 240. The base 240 defines a lower end
250 that is also the lower end of the body 238, and defines a lower opening 252. The
body 238 defines an axial bore 254 extending from the lower opening 252 to the upper
opening 248. The arms 242 extend up from respective support walls 256, and the
opposing spacer walls 258 are connected between the support walls 256. The arms 242
define internal threads 262 that are configured to engage the external threads 68 of the
locking cap 34 as described above. The arms 242 further define gaps G therebetween
that are configured to receive the fixation rod 24 as described above.

[0096] The anchor seat 226 includes an anchor seat extension 277 that is
separate from the anchor seat body 238. The extension 277 is configured to fasten to the
bone anchor 230 prior to attaching the bone anchor 230 to the collet 228. As will be
appreciated below, the extension 277 is provided as a clip that can be snapped onto the
neck 235 of the bone anchor 230. The anchor seat extension 277 includes a
circumferentially extending collar 279 and a pair of opposing posts 281 extending out (or
vertically up, in the illustrated embodiment, from the collar 279. The collar 279 extends
circumferentially greater than 180° but less than 360°, and defines an inner diameter
substantially equal to the outer diameter of the anchor neck 237. A pair of tabs 283
extend up from the radially inner ends of the posts 281.
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[0097] The anchor seat body 238 includes a recess 285 extending in the support
walls 256 and one of the spacer walls 258 sized to receive the anchor seat extension 277.
The recess 285 is keyed to receive the posts 281 in the support walls 256, such that the
circumferential collar extends along one longitudinal end of the collar body but not the
other longitudinal end. The outer diameter of the anchor seat extension 277 is
substantially equal to the outer diameter of the lower end 250 of the anchor seat body
238, such that the outer circumferential surface of the extension 277 is flush with the
outer circumferential surface of the anchor seat body 238 when the extension 277 is
disposed in the recess 285. The outer diameter defined by the tabs 283 is substantially
equal to the inner diameter of the support walls 256.

[0098] As shown in Fig. 13, the subassembly 275 is constructed at step 1A by
installing the collet 228 in the anchor seat 226 in the manner described above.

Separately, at step 1B, the anchor seat extension 277 is attached to the bone anchor 230
by clipping the collar 279 over the anchor neck 235. Next, at step 2, the anchor body 238
is brought down onto the anchor head 233, which causes the anchor seat extension 277 to
be inserted into the recess 285. The recess 285 is keyed such that the extension posts 281
are aligned with the arms 242. As the anchor body 238 is brought down onto the anchor
head 233, the collet fingers 169B radially expand over the anchor head 233, and pop onto
the head 233. The collet fingers 169B are disposed circumferentially between the
extension posts 281, and the collet fingers 169A are shorter than the fingers 169B as
shown in Figs. 12A-B.

[0099] In one embodiment, the subassembly 275 is constructed after the
completion of step 1A, and the bone anchor 230 and anchor extension 277 can be
installed into the subassembly 275 at a later time, for instance before or after the bone
anchor 230 has been implanted in a bone, such as a vertebra. In another embodiment, the
subassembly 275 is constructed after the completion of step 2, whereby the bone anchor
230 is attached to the collet 228. It should further be appreciated that step 1A can be
completed prior to step 1B or that step 1B can be completed prior to step 1A.

[0100] Once the bone anchor 230 has been installed in the anchor seat 226, the
anchor 230 is free to rotate relative to the anchor seat 226 about the axis of rotation B in

the manner described above. The bottom surface of the posts 281 abut the neck 233, and
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therefore provide a laterally spaced guide members, or a laterally extending guide, 292
that allows the anchor 230 to pivot in the sagittal plane, while preventing the anchor 230
from pivoting in any other angle that intersects the sagittal plane. When the anchor 230
pivots in the sagittal plane, the axis of rotation B is angularly offset with respect to the
central axis A of the subassembly 275. The extension 277 does not extend entirely
around the anchor neck 235, and thus defines a gap that is disposed on one longitudinal
side of the anchor 230. Thus, the anchor 230 is free to pivot toward that longitudinal side
in the sagittal plane until the anchor 230 abuts the lower end of the respective spacer wall
238, which provides a stop for the anchor 230. The collar 279 extends along the
opposing longitudinal side of the anchor 230, and can be vertically flush with or above
the bottom surface of the corresponding spacer wall 238 such that the spacer wall
provides a stop with respect to angular movement of the anchor 230 in the sagittal plane.
Alternatively, the collar 279 could be disposed below the bottom surface of the
corresponding spacer wall 238 such that the collar 279 provides a stop with respect to
angular movement of the anchor 230 in the sagittal plane. Thus, the collar 279 can limit
pivotal movement in one direction in the pivotal plane. Alternatively still, the radially
inner surface of the collar 279 could be radially outwardly displaced with respect to the
radial inner surface of the posts 281, such that the collar 279 does not abut the neck 235
and thus permits pivotal movement in the sagittal plane toward the collar 279.

[0101] The collar 279 can be disposed at the inferior end of the anchor seat 226
when the bone fixation element is implanted, such that the anchor 230 can pivot along a
greater angular range toward the superior end in the sagittal plane than toward the inferior
end. Alternatively, the collar 279 can be disposed at the superior end of the anchor seat
226 when the bone fixation element is implanted, such that the anchor 230 can pivot
along a greater angular range toward the superior end in the sagittal plane than toward the
inferior end.

[0102] Once the anchor seat 226 has been aligned with the fixation rod 24, and
the position of the bone anchor has been located in the sagittal plane as desired, the
locking cap 34 can be locked in the subassembly 275 in the manner described above.

[0103] Referring now to Figs. 14-16, a bone fixation subassembly 375

constructed in accordance with an alternative embodiment is illustrated including
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reference numerals corresponding to like elements of the bone fixation subassembly 75
incremented by 300. Thus, the bone fixation subassembly 375 can be constructed as
described with respect to one or all of the bone fixation subassemblies described above,
except as otherwise noted. It should be appreciated that one or more up to all of the bone
fixation elements of the bone fixation assembly 20 can include the bone fixation elements
22 or alternative bone fixation elements as described herein, one or more of which can
include the bone fixation subassembly 375 as will now be described.

[0104] The bone fixation subassembly 375 includes an anchor seat 326, and a
collet 328 preinstalled in the anchor seat 326. The subassembly 375 can further include a
bone anchor 330 preinstalled in the collet 328, which in turn is preinstalled in the anchor
seat 326. Alternatively, the subassembly 375 be provided with the collet 328 preinstalled
in the anchor seat 326, such that the bone anchor 330 can be later installed as desired.

[0105] The anchor seat 326 includes an anchor seat body 338 extending
centrally along the central axis A. The body 338 includes a base 340 and a pair of spaced
opposing arms 342 extending up from the base 340. The base 340 defines a lower end
350 that is also the lower end of the body 338, and defines a lower opening 352. The
body 338 defines an axial bore 354 extending from the lower opening 352 to the upper
opening 348. The arms 342 extend up from respective support walls 356, and the
opposing spacer walls 358 are connected between the support walls 356. The arms 342
define gaps G therebetween that are configured to receive the fixation rod 24 as described
above. The arms 342 further define internal threads 362 that are configured to engage the
external threads 68 of the locking cap 34 as described above.

[0106] The collet 328 includes a collet extension 387 that is separate from the
collet body 345. The extension 387 is configured to fasten to the bone anchor 330 after
the bone anchor 330 has been attached to the collet 328. As will be appreciated below,
the extension 387 is provided as a clip that can be snapped onto the neck 335 of the bone
anchor 330. While the bone anchor 330 is illustrated as a nail or a pin, it should be
appreciated that the anchor 330 could alternatively comprise a screw. The collet
extension 387 includes a circumferential collar 389 and a pair of opposing posts 391
extending out (or vertically up in the illustrated orientation) from the collar 389. The

posts 391 also flare radially outward along a vertically upward direction of travel. The
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collar 389 extends circumferentially greater than 180° but less than 360°, defines an inner
diameter substantially equal to the inner diameter of the collet body 345, and an outer
diameter substantially equal to the outer diameter of the collet body 345.

[0107] The collet body 345 is keyed to receive the collet extension 387 in a
predetermined orientation. In particular, the fingers 369A that are aligned with the arms
342 are shorter than the remaining fingers 369B. Accordingly, the collet extension 387
can be inserted into the anchor seat 326 such that the posts 391 are circumferentially
aligned with, and located between, the fingers 369B. The circumferential collar extends
along one longitudinal end of the collar body but not the other longitudinal end.

[0108] The subassembly 375 is constructed using a method that begins at step 1)
wherein the collet 328 is installed in the anchor seat 326 by inserting the collet 328
vertically upward into the lower opening 352 of the anchor seat body 338, in the manner
described above. In one embodiment, the kit can include the subassembly 375 as
including the anchor seat 326 and the installed collet 328. Next, at step 2, the anchor
body 338 is brought down onto the anchor head 333 (or the anchor head 333 is brought
up into the anchor body 338), thereby causing the collet fingers 169A-B to expand
radially over the head 333 and snap down over the head 333 to secure the anchor therein.
At step 3, the collet extension 387 is clipped around the neck 335, such that the posts 391
extend into a gap between the lower ends of adjacent fingers 369A. Thus, the collet body
345 is keyed such that the posts 391 are vertically aligned with the arms 342. The
subassembly 375 is thus provided at step 4.

[0109] Thus, Fig. 16 illustrates the subassembly as including the anchor seat
326 and the collet 328 installed in the anchor seat 326, the collet extension 387 clipped
onto the bone anchor 330, and the bone anchor 330 and collet extension 387 attached to
the anchor seat 326 and collet 328. In an alternative embodiment, the subassembly 375
can include the anchor seat and the collet 328 without the anchor 330 and extension 387
installed. The anchor 330 can be implanted into the underlying bone (e.g., vertebra)
before or after the collet extension 387 is clipped onto the neck, and prior to or after the
anchor 330 is attached to the collet 328. In this regard it should be appreciated that the
anchor 330 is freely rotatable within the collet 328 and extension 387 with respect to the

anchor seat 326.
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[0110] The bottom surface of the posts 381 abut the neck 333, and therefore
provide a laterally extending guide 392 that allows the anchor 330 to pivot in the sagittal
plane, while preventing the anchor 330 from pivoting in any other angle that intersects
the sagittal plane. The extension 377 does not extend entirely around the anchor neck
335, and thus defines a gap that is disposed on one longitudinal side of the anchor 330.
Thus, the anchor 330 is free to pivot toward that longitudinal side in the sagittal plane
until the anchor 330 abuts the lower end of the respective spacer wall 338, which
provides a stop for the anchor 330 in the sagittal plane. The collar 379 extends along the
opposing longitudinal side of the anchor 330, and can be vertically flush with or above
the bottom surface of the corresponding spacer wall 338 such that the spacer wall
provides a stop with respect to angular movement of the anchor 330 in the sagittal plane.
Alternatively, the collar 379 could be disposed below the bottom surface of the
corresponding spacer wall 338 such that the collar 379 provides a stop with respect to
angular movement of the anchor 330 in the sagittal plane. Thus, the collar 379 can limit
pivotal movement in one direction in the pivotal plane. Alternatively still, the radially
inner surface of the collar 379 could be radially outwardly displaced with respect to the
radial inner surface of the posts 381, such that the collar 379 does not abut the neck 335
and thus permits pivotal movement in the sagittal plane toward the collar 379.

[0111] The collar 379 can be disposed at the inferior end of the anchor seat 326
when the bone fixation element is implanted, such that the anchor 330 can pivot along a
greater angular range toward the superior end in the sagittal plane than toward the inferior
end. Alternatively, the collar 379 can be disposed at the superior end of the anchor seat
326 when the bone fixation element is implanted, such that the anchor 330 can pivot
along a greater angular range toward the superior end in the sagittal plane than toward the
inferior end.

[0112] Once the anchor seat 326 has been aligned with the fixation rod 24, and
the position of the bone anchor 330 has been located in the sagittal plane as desired, the
locking cap 34 can be locked in the subassembly 375 in the manner described above.

[0113] Referring now to Figs. 17-20, a bone fixation subassembly 475
constructed in accordance with an alternative embodiment is illustrated including

reference numerals corresponding to like elements of the bone fixation subassembly 75
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incremented by 400. Thus, the bone fixation subassembly 475 can be constructed as
described with respect to one or all of the bone fixation subassemblies, except as
otherwise noted. It should be appreciated that one or more up to all of the bone fixation
elements of the bone fixation assembly 20 can include the bone fixation elements 22 or
alternative bone fixation elements as described herein, one or more of which can include
the bone fixation subassembly 475 as will now be described.

[0114] The bone fixation subassembly 475 includes an anchor seat 426, and a
collet 428 preinstalled in the anchor seat 426. The subassembly 475 can further include a
bone anchor 430 that can be preinstalled in the collet 428 as part of the subassembly 475
provide in the kit, or the bone anchor 430 can be provided separately, and later installed
in the subassembly 475, for instance before or after being implanted in an underlying
bone. The anchor can comprise a pin or nail, or a screw as desired.

[0115] The anchor seat 426 includes an anchor seat body 438 extending
centrally along the central axis A. The body 438 includes a base 440 and a pair of spaced
opposing arms 442 extending up from the base 440. The base 440 defines a lower end
450 that is also the lower end of the body 438, and defines a lower opening 452. The
body 438 defines an axial bore 454 extending from the lower opening 452 to the upper
opening 448. The arms 442 extend up from respective support walls 456, and the
opposing spacer walls 458 are connected between the support walls 456. The arms 442
define gaps G therebetween that are configured to receive the fixation rod 24 as described
above. The arms 442 further define internal threads 462 that are configured to engage the
external threads 68 of the locking cap 34 as described above.

[0116] The collet 428 includes a collet body 445 that defines a first or upper end
447 sized and configured to contact or support at least a portion of the fixation rod 24
when the rod is received within the rod-receiving channel 436, and a second or lower end
449 sized and configured to contact or otherwise engage, directly or indirectly, a portion
of the bone anchor head 33. The upper and lower ends 447 and 449 are generally
constructed as described above, with respect to the collet 28, except the collet body
includes fingers 469 of the same vertical length. Of course, it should be appreciated that
one or more of the fingers 469 can extend down a greater or lesser difference than one or

more of the other fingers.
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[0117] The collet 428 further includes a pair of radially opposing protrusions
493 projecting radially inward from the upper ends of the collet flanges 457. When collet
428 is installed in the anchor seat 426, the flanges 457 are located in the recesses 461
such that the protrusion 493 is disposed radially centrally with respect to the arms 442
when the collet 428 is installed in the anchor seat. Each protrusion 493 defines a lower
vertex 495 and upwardly angled walls 497 extending longitudinally out from the vertex
495. When anchor head 333 is in the collet fingers 469, the vertex 495 abuts the upper
end of the anchor head 433, which can be flat in a radial direction perpendicular to the
axis of rotation B.

[0118] As illustrated in Fig. 20, the protrusion 493 permits the anchor 430 to
pivot in a desired plane (e.g., the sagittal plane) relative to the collet 428 and anchor seat
426, while interference between the vertex 495 and the anchor head 433 prevents the
anchor 430 from pivoting in any plane that intersects the sagittal plane. In particular, the
anchor 430 can pivot in the desired plane through an angular range defined by the axis A
and pivoted axes of rotation B’ of the bone anchor 430. Thus, the protrusions 493
provide a guide that permits the anchor 430 to pivot in the desired plane while preventing
pivotal movement of the bone anchor in all other planes that intersect the sagittal plane.
The anchor 430 can freely rotate about its axis B with respect to the collet 428 and the
anchor 426 in the manner described above.

[0119] The bone fixation subassembly 475 is constructed by inserting the collet
428 down through the top of the anchor seat 426 until the flanges 457 are locked in the
corresponding recesses 461. The fingers 469A are placed over the head 33 of the bone
anchor 30, and a downward force is applied against the anchor 430 until the fingers 169
expand radially outward to capture the head 433 of the bone anchor 430 therein. The
threaded shaft 431 of the bone anchor 430 may already be implanted into bone prior to
popping the collet 428 over the anchor head 433.

[0120] Once the anchor seat 426 has been aligned with the fixation rod 24, and
the position of the bone anchor 430 has been located in the sagittal plane as desired, the
locking cap 34 can be locked in the subassembly 475 in the manner described above.

[0121] Referring now to Figs. 21-22, a bone fixation subassembly 575

constructed in accordance with an alternative embodiment is illustrated including
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reference numerals corresponding to like elements of the bone fixation subassembly 75
incremented by 500. Thus, the bone fixation subassembly 575 can be constructed as
described above with respect to one or all of the bone fixation subassemblies, except as
otherwise noted. It should be appreciated that one or more up to all of the bone fixation
elements of the bone fixation assembly 20 can include the bone fixation elements 22 or
alternative bone fixation elements as described herein, one or more of which can include
the bone fixation subassembly 575 as will now be described.

[0122] The bone fixation subassembly 575 includes an anchor seat 526, and a
collet 528 preinstalled in the anchor seat 526. The subassembly 575 can further include a
bone anchor 530 that can be preinstalled in the collet 528 as part of the subassembly 575
provide in the kit, or the bone anchor 530 can be provided separately, and later installed
in the subassembly 575, for instance before or after being implanted in an underlying
bone. The anchor 530 is illustrated as a pin or nail, though the anchor 530 could
alternatively be constructed as a screw.

[0123] The anchor seat 526 includes an anchor seat body 538 extending
centrally along the central axis A. The body 538 includes a base 540 and a pair of spaced
opposing arms 542 extending up from the base 540. The base 540 defines a lower end
550 that is also the lower end of the body 538, and defines a lower opening 552. The
body 538 defines an axial bore 554 extending from the lower opening 552 to the upper
opening 548. The arms 542 extend up from respective support walls 556, and the
opposing spacer walls 558 are connected between the support walls 556. The arms 542
define gaps G therebetween that are configured to receive the fixation rod 24 as described
above. The arms 542 further define internal threads 562 that are configured to engage the
external threads 68 of the locking cap 34 as described above.

[0124] The collet 528 includes a collet body 545 that defines a first or upper end
547 sized and configured to contact or support at least a portion of the fixation rod 24
when the rod is received within the rod-receiving channel 536, and a second or lower end
549 sized and configured to contact or otherwise engage, directly or indirectly, a portion
of the bone anchor head 33. The upper and lower ends 547 and 549 are generally
constructed as described above, with respect to the collet 428, except the collet body

defines a U-shaped recess 599 extending radially inward into the radially outer surface of
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cach flange 557. The recess 599 is configured to engage mating structure of the anchor
seat 226 that prevents the collet 528 from inadvertently backing out of the anchor seat
226 during use.

[0125] The collet 528 further includes an interior threaded surface 601 disposed
axially above the protrusion 593, which can receive corresponding threads of an insertion
tool when assembling the subassembly 575. The protrusion, however, extends radially
inward with respect to the protrusion 493, such that it engages the upper surface of a flat
ledge 603 extending circumferentially about the anchor head 533. It should thus be
appreciated that the flat ledge 603 defines a pair of opposing abutment surfaces that
extend along a lateral axis that extends perpendicular to the longitudinal axis L defined
by the opposing gaps G. The anchor 530 can therefore pivot in a desired (e.g., sagittal)
plane about the protrusion 593 as described above. Additionally, as described above, the
bone anchor 530 is free to rotate within the collet 528 relative to the anchor seat 526 as
described above.

[0126] The bone fixation subassembly 575 is constructed by inserting the collet
528 down through the top of the anchor seat 526 until the flanges 557 are locked in the
corresponding recesses 561. The fingers 569 are placed over the head 33 of the bone
anchor 30, and a downward force is applied against the anchor 530 until the fingers 169
expand radially outward to capture the head 533 of the bone anchor 530 therein. The
threaded shaft 531 of the bone anchor 530 may already be implanted into bone prior to
popping the collet 528 over the anchor head 533. Alternatively, the bone anchor 530 can
be installed in the collet 528, and subsequently implanted into underlying bone. The
internal threading 601 of the collet 528 allows for the use of a special driver instrument
having an engagement feature, e.g., a T25 feature, which can mate with the screwdriver
to further stabilize the bone anchor 530 as it is implanted into the underlying bone.

[0127] Once the anchor seat 526 has been aligned with the fixation rod 24, and
the position of the bone anchor 530 has been located in the sagittal plane as desired, the
locking cap 34 can be locked in the subassembly 575 in the manner described above.

[0128] Referring now to Figs. 23-25, a bone fixation subassembly 675
constructed in accordance with an alternative embodiment is illustrated including

reference numerals corresponding to like elements of the bone fixation subassembly 75
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incremented by 600. Thus, the bone fixation subassembly 675 can be constructed as
described above with respect to one or all of the bone fixation subassemblies, except as
otherwise noted. It should be appreciated that one or more up to all of the bone fixation
elements of the bone fixation assembly 20 can include the bone fixation elements 22 or
alternative bone fixation elements as described herein, one or more of which can include
the bone fixation subassembly 675 as will now be described.

[0129] The bone fixation subassembly 675 includes an anchor seat 626, and a
collet 628 preinstalled in the anchor seat 626. The subassembly 675 can further include a
bone anchor 630 that can be preinstalled in the collet 628 as part of the subassembly 675
provide in the kit, or the bone anchor 630 can be provided separately, and later installed
in the subassembly 675, for instance before or after being implanted in an underlying
bone. The anchor 630 is illustrated as a pin or nail, though the anchor 530 could
alternatively be constructed as a screw.

[0130] The anchor seat 626 extends centrally along the central axis A, and
includes a pair of spaced opposing arms 642 extending up from respective support walls
656. The opposing spacer walls 658 are connected between the support walls 656. The
anchor seat 626 defines a lower end 650 that defines a lower opening 652. An axial bore
654 extends from the lower opening 652 to the upper opening 648. The arms 642 define
gaps G therebetween that are configured to receive the fixation rod 24 as described
above. The arms 642 further define internal threads 662 that are configured to engage the
external threads 68 of the locking cap 34 in the manner described above.

[0131] The collet 628 includes a collet body 645 that defines a first or upper end
647 sized and configured to contact or support at least a portion of the fixation rod 24
when the rod is received within the rod-receiving channel 636, and a second or lower end
649 sized and configured to contact or otherwise engage, directly or indirectly, a portion
of the bone anchor head 33. The upper and lower ends 647 and 649 are generally
constructed as described above, with respect to the collet 528, except each flange 657
includes a pair of opposing vertical ribs 707 spaced apart a distance by a gap 709. The
outer circumferential edges of the ribs 707 are spaced apart substantially the same
distance as the circumferential edges of the recess 661 formed in the inner surface of the

support walls 656. As a result, when the collet 628 is inserted into the anchor seat 626,
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the ribs 707 become disposed in the recess 661. The collet 628 further includes an inner
threaded surface 701, and protrusions 693 disposed below the threaded surface 701. The
protrusions 693 define a guide that allows the bone anchor 30 to pivot relative to the
anchor seat in the sagittal plane, in the manner described above.

[0132] The bone anchor 630 includes a pair of opposing flat ledges 703
extending circumferentially around the anchor head 633 in the manner described above.
The remainder of the anchor head 633 can be round in the manner described above.
Thus, the ledges 703 are configured to abut the lower end of the protrusions 693 when the
collet 628, anchor 630, and fixation rod 24 are installed in the anchor seat 626, as will
now be described with respect to Figs. 24-25.

[0133] Asillustrated, the bone fixation subassembly 675 is constructed by
inserting the collet 628 down through the top of the anchor seat 626 to an initial insertion
position at step 1, until the flanges 657 are disposed in the corresponding recesses 661 in
the manner described above. When the collet 628 is in the initial insertion position, the
upper end 647 of the collet can be aligned with the gaps G. Next, at step 2, the bone
anchor 630 is inserted into the lower end 652 of the anchor seat 626, thereby popping the
fingers 669 over the anchor head 633 so as to attach the anchor 630 to the collet 628.
Interference between the fingers 669 and the upper end of the support walls 656 prevents
the collet 628 from backing out of the anchor seat 626 in response to the upwardly
directed force applied by the anchor 630. The bone anchor 630 can be inserted into the
anchor seat 626 and collet 628 when assembling the subassembly 675, or after the
subassembly 675 has been assembled, for instance interoperatively (e.g., after the bone
anchor 630 has been affixed in a vertebrae). In the position illustrated in Fig. 2, the upper
ends 647 of the collet 628 are angularly offset with respect to the rod-receiving channel
636. As illustrated, the upper ends 647 are oriented perpendicular with respect to the
channel 636.

[0134] Once the anchor head 633 is captured in the fingers 669, a downward
force is applied on the anchor 630 relative to the anchor seat 626 at step 3, which brings
the collet 628 to an intermediate insertion position, whereby the fingers 669 bear against
the support walls 656 and spacer walls 658. In the intermediate insertion position the

lower ends of the fingers 669 are aligned with the lower ends of the support walls 656
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and spacer walls 658. As the collet 628 moves to the intermediate insertion position, the
flanges 657 flare radially inward out of engagement with the recesses 661, and bear
against the radially inner surfaces of the support walls 656.

[0135] It should be appreciated that in the intermediate insertion position, the
flanges 657 of the collet 628 are disposed in the rod-receiving channel 636, and thus
positioned to interfere with the fixation rod 24 when the fixation rod is inserted. Because
the flanges ledges 703 are not disposed in the recess 661, the collet 628, and thus the
bone anchor 633, is unimpeded with respect to pivotal movement about any radial axis
about a 360° range with respect to the anchor seat 626, and therefore along any
corresponding plane as desired, including the sagittal plane and any other plane angularly
offset with respect to the sagittal plane. The anchor 630 is further able to freely rotate
about its central axis B relative to the collet 628 and the anchor seat 626.

[0136] At step 4, the collet 628 is rotated in the direction of Arrow A about axis
A, until the flanges 657 are brought into alignment with the corresponding recesses 661.
As shown in Fig. 25, the anchor seat 626 includes a retention dimple 711 extending
radially inward from each support wall 656 at a location circumferentially centrally
disposed in the corresponding recess 661. As the collet 628 is rotated in the direction of
Arrow A, one of each pair of ribs 707 cams over the dimple 711. Until each dimple 711
is disposed in the corresponding gap 709. Interference between the dimple 711 and the
ribs 707 therefore resists rotation of the collet 628 relative to the anchor seat 626. As
shown in step 5 of Fig. 24, once the collet 628 is positioned radially such that the dimples
711 are disposed in the gaps 709, the collet 628 is unable to freely rotate or pivot relative
to the anchor seat 626. Because the protrusions 693 are aligned with, and abut, the ledges
703 of the anchor 630, the protrusions 693 provide a guide that prevents pivotal
movement of the anchor 630 relative to the anchor seat 626 in all planes other than the
sagittal plane as described above. Furthermore, when the dimples 711 are disposed in the
gaps 709, the upper ends 647 of the collet 626 are aligned with the rod-receiving channel
636, thereby providing a seat for the fixation rod 24 in the manner described above.

[0137] In certain embodiments, when the dimples 711 are disposed in the gaps
709, interference between the dimples 711 and the flanges 707 prevent inadvertent

rotation of the collet 628 relative to the anchor seat 626 that would bring the flange out of

34



WO 2010/062736 PCT/US2009/063056

the recess 661. However, deliberate rotation of the collet 628 about axis A relative to the
anchor seat, for instance with a tool that engages the internal threads 701, can cause the
flange 657 to flex radially inward as the ribs 707 cam over the dimples 711. Once the
flange 657 flexes inward, the dimple 711 is no longer disposed in the gap 709. As the
collet 628 is further rotated, the flange 657 rotates to a position circumferentially between
recesses 661, whereby the collet 628 and bone anchor 630 can freely pivot and rotate
relative to the anchor seat 626 as described above.

[0138] In this manner, in instances where the bone anchor 630 is inserted into
the underlying vertebra, and the subassembly 675 including the anchor seat 626 and
collet 628 are attached to the bone anchor 630 interoperatively, a surgical instrument
could rotate the collet 628 between its locked position whereby the dimples 711 are
disposed in the gaps 709 and its unlocked position whereby the flanges 657 are disposed
outside of the recesses 661.

[0139] When the collet 628 is in the unlocked position, the bone anchor 630 is
permitted to pivot both in the sagittal plane and in any other plane angularly offset with
respect to the sagittal plane about a 360° range. When the collet 628 is in the locked
position, the bone anchor 630 is permitted to pivot only in the sagittal plane relative to
the anchor seat 626. Once the anchor seat 626 has been aligned with the fixation rod 24,
and the position of the bone anchor 630 has been located as desired, the locking cap 34
can be locked in the subassembly 675 in the manner described above.

[0140] It should be appreciated that the illustrations and discussions of the
embodiments shown in the figures are for exemplary purposes only, and should not be
construed limiting the disclosure. One skilled in the art will appreciate that the present
disclosure contemplates various embodiments. It should be further appreciated that the
features and structures described and illustrated in accordance one embodiment can apply
to all embodiments as described herein, unless otherwise precluded. For instance, while
the collet provides a guide in certain embodiments and the anchor seat comprises a guide
in other embodiments, it should be appreciated that the above-described features of the
collet could be combined with those of the anchor seat such that at least one, or both, of
the collet and anchor seat provide a guide that prevents angular movement of the bone

anchor is all planes other than the desired plane. It should be understood that the
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concepts described above with the above-described embodiments may be employed alone

or in combination with any of the other embodiments described above.
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CLAIMS
What 1s claimed is:

1. A bone fixation subassembly configured to receive a fixation rod and a
locking cap, the bone fixation subassembly comprising:

an anchor seat including an anchor seat body extending along a central axis and
defining an upper end and a lower end, wherein the upper end comprises a pair of
opposing fixation rod-receiving gaps therebetween that are spaced along a longitudinal
axis, and a bore disposed between the rod-receiving gaps; and

a collet including a collet body disposed in the anchor seat, the collet body
configured to attach to a bone anchor that extends along an axis of rotation,

wherein a bone anchor attached to the collet is permitted to rotate about the axis
of rotation relative to the anchor seat, and the bone anchor is further permitted to pivot
relative to the anchor seat along a desired plane and prevented from pivoting in another
plane that includes the central axis and is angularly offset with respect to the desired

plane.

2. The bone fixation subassembly as recited in claim 1, wherein the bone

anchor is permitted to pivot about an axis that is perpendicular to the longitudinal axis.

3. The bone fixation subassembly as recited in claim 1, wherein the collet
defines an expandable lower end comprising a plurality of fingers separated by slits, the

fingers are sized to capture a head of the bone anchor therein.

4. The bone fixation subassembly as recited in claim 3, wherein the fingers

comprise extensions that extend below the anchor seat body.

5. The bone fixation subassembly as recited in claim 1, further comprising a
guide configured to engage an abutment surface of the bone anchor so as to direct pivotal

movement of the bone anchor relative to the anchor seat in the desired plane.

6. The bone fixation subassembly as recited in claim 5, wherein the guide is
configured to abut opposing abutment surfaces of the bone anchor that are separated

along an axis that is perpendicular to the longitudinal axis.
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7. The bone fixation subassembly as recited in claim 6, wherein the upper
end of the anchor seat body comprises a pair of opposing arms extending up from the
lower end of the anchor seat body, the gaps are disposed between the arms, and the guide

comprises the lower end of the anchor body at a location aligned with the arms.

8. The bone fixation subassembly as recited in claim 7, wherein the lower
end of the anchor body are configured to be displaced from the abutment surfaces at

locations between the guides when the guides abut the abutment surfaces.

9. The bone fixation subassembly as recited in claim 6, wherein the guide

comprises a pair fingers of the collet.

10.  The bone fixation assembly as recited in claim 7, further comprising the
bone anchor including an anchor body configured to be implanted in an underlying bone,
an anchor head captured in the collet, and an anchor neck disposed between the anchor
body and the anchor head, wherein the opposing abutment surfaces comprise the anchor

neck.

11.  The bone fixation subassembly as recited in claim 10, further comprising
an extension configured to attach to the neck, the extension including a pair of spaced

posts connected by a collar, wherein the guide comprises the spaced posts.

12. The bone fixation subassembly as recited in claim 11, wherein the

extension clip attaches to the neck prior to capturing the head in the collet.

13.  The bone fixation assembly as recited in claim 6, further comprising the
bone anchor including an anchor body configured to be implanted in an underlying bone,
an anchor head captured in the collet, and an anchor neck disposed between the anchor
body and the anchor head, wherein the opposing abutment surfaces comprise a flat ledge

formed in the anchor head.

14.  The bone fixation assembly as recited in claim 13, wherein the guide

comprises a projection extending down from the collet body.

15.  The bone fixation assembly as recited in claim 13, wherein the collet is
configured to be installed in the anchor seat in an unlocked position whereby the anchor

can pivot relative to the anchor seat about an axis angularly offset from the desired plane,
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and the collet is configured to be moved to a locked position whereby the anchor can only

pivot in the desired plane.

16.  The bone fixation assembly as recited in claim 1, wherein the bone
fixation assembly is a spine fixation assembly comprising the anchor screw configured to

be implanted in a vertebra.

17. A bone fixation assembly comprising:
a plurality of bone fixation subassemblies, each subassembly including:

an anchor seat including an anchor seat body defining a base and a pair of
opposing arms extending out from the base, wherein the arms define rod-receiving gaps
therebetween disposed along a longitudinal axis;

a collet including a collet body disposed in the anchor seat;

a bone anchor extending along an axis of rotation, wherein the bone
anchor is configured to be attached to the collet body such that the bone anchor can rotate
about the axis of rotation relative to the anchor seat; and

a guide that permits the bone anchor to pivot along a desired plane relative
to the anchor seat while preventing the bone anchor from pivoting in another plane
angularly offset with respect to the desired plane relative to the anchor seat;

a fixation rod configured to extend through the rod-receiving gaps of the anchor
scat; and

a locking cap configured to attach to the arms, wherein the locking cap is movable
to a locked position whereby the collet body is biased against the bone anchor so as to
lock the bone anchor with respect to at least one of rotation about the axis of rotation and

pivotal movement in the desired plane.

18. A bone fixation kit comprising;

a bone anchor extending along an axis of rotation;

an anchor seat including an anchor seat body defining an upper end and a lower
end, wherein the upper end comprises a pair of opposing fixation rod-receiving gaps
therebetween that are spaced along a longitudinal axis, and a bore disposed between the

rod-receiving gaps; and
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a collet including a collet body disposed in the anchor seat, the collet body
configured to attach to the bone anchor, such that the bone anchor can rotate about the
axis of rotation relative to the anchor seat, and the bone anchor can pivot in the sagittal

plane about an axis that is perpendicular to the longitudinal axis.

19. The bone fixation kit as recited in claim 18, wherein the collet is attached

to the bone anchor.

20.  The bone fixation kit as recited in claim 18, further comprising a bone
fixation rod configured to be extend through the fixation rod-receiving gaps, and a
locking cap configured attached to the end cap body so as to lock the screw with respect

to rotational and pivotal movement with respect to the anchor seat.
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