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(57) ABSTRACT

A pivotal bone screw assembly includes a head member with
a pair of upstanding arms extending upward from a base to
define a channel for receiving a rod, with the base including
a cavity communicating with both the open channel and with
a bottom of the head member through a lower opening
having at least a partial thread cut therein. The assembly also
includes a shank with a capture structure and an anchor
portion opposite the capture structure for fixation to the bone
of a patient, with the capture structure having a partially
spherical shape configured for positioning within the cavity
to provide for pivotal motion between the head member and
the shank prior to locking the rod in the channel with a
closure top. The assembly further includes a second thread
configured for threaded engagement with the threaded lower
opening as part of an assembly process by which the capture
structure is retained in the cavity of the head member.
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PIVOTAL BONE ANCHOR ASSEMBLY
HAVING THREADED RECEIVER LOWER
OPENING AND SHANK HEAD

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 17/665,311, filed Feb. 4, 2022, which is a
continuation of U.S. application Ser. No. 17/209,023, filed
Mar. 22, 2021, now U.S. Pat. No. 11,246,627, which is a
continuation of U.S. application Ser. No. 12/462,623, filed
Aug. 6, 2009, now U.S. Pat. No. 10,952,777, which is a
continuation of U.S. application Ser. No. 10/958,743, filed
Oct. 5, 2004, now U.S. Pat. No. 8,540,753, each of which is
incorporated by reference in its entirety herein, and for all
purposes.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to apparatuses and
methods for use in performing spinal surgery and, in par-
ticular, to polyaxial bone screws for use in spinal surgery.
Such screws have a head that can swivel about a shank of the
bone screw, allowing the head to be positioned in any of a
number of angular configurations relative to the shank.
[0003] Bone screws are utilized in many types of spinal
surgery in order to secure various implants to vertebrae
along the spinal column. Spinal implant screws typically
have a shank that is threaded and configured for implanta-
tion into a pedicle or vertebral body of a vertebra. Such a
screw also includes a head designed to extend beyond the
vertebra and also defines a channel to receive a rod or other
implant. In bone screws of this type, the head may be open,
in which case a closure member must be used to close
between opposite sides of the head once a rod or other
implant is placed therein. Alternatively, the head may be
closed, wherein a rod-like implant is threaded through the
head of the bone screw.

[0004] When the head and shank of the bone screw are
fixed in position relative to each other, it is not always
possible to insert a bone screw in such a manner that the
head will be in the best position for receiving other implants.
Consequently, swivel head bone screws have been designed
that allow the head of the bone screw to rotate or swivel
about an upper end of the shank of the bone screw while the
surgeon is positioning other implants and finding the best
position for the bone screw head. However, once the surgeon
has determined that the head is in the best position, it is then
necessary to lock or fix the head relative to the shank.
Different types of structures have been previously developed
for such purpose.

[0005] Because bone screws are for placement within the
human body, it is desirable for the implant to have as little
effect on the body as possible. Consequently, heavy, high
profile, bulky implants are undesirable and lighter implants
with a relatively small profile both in height and width are
more desirable. However, a drawback to smaller, lighter
implants is that they may be more difficult to rigidly fix in
position relative to each other and in a desired position.
Reduced bulk may also reduce strength, resulting in slippage
under high loading. Also, more component parts may be
required to rigidly fix the implant in a desired position. A
further drawback of smaller components is that they may be
difficult to handle during surgery because of their small size,
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failing to provide adequate driving or gripping surfaces for
tools used to drive the shank into bone.

[0006] One undesirable attribute of some of the swivel-
head implants is the need for a multitude of components that
may loosen or even disassemble within the body. It is most
often undesirable for components to become moveable in
the body after the completion of surgery. Loosening of
components relative to each other may result in related
undesirable movement of the bone or vertebra that the
implant was intended to stabilize.

SUMMARY OF THE INVENTION

[0007] A polyaxial bone screw assembly according to the
present invention includes an elongate shank having a lower
threaded body for fixation to a bone. The shank further has
an upper capture structure connected to the threaded body by
a neck. The capture structure has an upper end or top and a
lower surface. The capture structure has a radially outward
surface with a first helically wound guide and advancement
structure thereon. The helically wound guide and advance-
ment structure has a major diameter (passing through the
crests) that is larger than a diameter of the aperture into
which the capture structure is inserted.

[0008] The assembly also includes a head having a base
with an inner surface defining a cavity. The cavity opens
onto a bottom of the head through a neck opening or aperture
with a portion of the inner surface defining the opening
having a second helically wound guide and advancement
structure sized and shaped to rotatingly mate with the first
guide and advancement structure of the capture structure.
[0009] The capture structure screws upwardly into the
head so as to be disposed within the cavity and captured by
the head upon mating and operable rotation of the first guide
and advancement structure with respect to the second guide
and advancement structure until the first guide and advance-
ment structure fully enters the cavity and becomes disen-
gaged from the second guide and advancement structure.
The capture structure is then disposed in the head cavity and
free to rotate or swivel relative to the head.

[0010] The capture structure has a first orientation wherein
the capture structure is within the cavity and the shank body
is freely swivelable relative to the head. In a second orien-
tation, the capture structure is in a non-mated, frictional
engagement with the second guide and advancement struc-
ture and the shank body is in a fixed position with respect to
the head, resulting from a force being applied to the top of
the capture structure.

[0011] Preferably according to the invention, the first and
second guide and advancement structures are first and
second threads. Most preferably according to the invention,
inverted buttress threads are utilized, although square
threads, reverse angle threads and other similar mating
structures can be utilized.

[0012] Also according to the invention, the elongate shank
has a first axis and the head has a second axis. The first and
second guide and advancement structures are configured to
enter into frictional engagement when the capture structure
is urged downwardly against the base neck without rotation.
The capture structure may expand in response to downward
pressure, further frictionally engaging and locking the first
and second guide and advancement structures.

[0013] Further according to the invention, a polyaxial
bone screw capture structure may include a tool engagement
formation disposed at or near the top of the capture structure.
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Preferably, the tool engagement formation has a projection
and a recessed tool seating surface with a bottom and an
outer wall. Both the bottom and outer wall are sized and
shaped to receive and frictionally engage with a driving tool,
such as a socket tool, engaged with the tool engagement
projection for driving the shank body into bone. However,
other structure for driving the shank body can be used, such
as off axis apertures into the threaded hemisphere.

[0014] A method according to the invention includes the
steps of attaching a bone screw shank to a head by mating
a first helically wound guide and advancement structure
disposed on an upper portion of the bone screw shank with
a second helically wound guide and advancement structure
of the head to guide and advance the shank into the head
until the first guide and advancement structure becomes
disengaged from the second guide and advancement struc-
ture with the capture structure or upper portion slidingly
received and captured in a cavity of the head. Another
method step includes driving the shank body into bone by
rotating the shank body with a tool engaged with a tool
engagement formation disposed on or in the capture struc-
ture. The step of driving the shank into bone may take place
after or before the step of mating the bone shank with the
head.

Objects and Advantages of the Invention

[0015] Therefore, it is an object of the present invention to
overcome one or more of the problems with polyaxial bone
screw assemblies described above. An object of the inven-
tion is to provide a shank that rotatably uploads into a cavity
in a head of the screw and that utilizes frictional contact of
threads under pressure to fix the head relative to the shank
once a desired configuration is acquired. Another object of
the invention is to provide a polyaxial bone screw with
features that present frictional or gripping surfaces, planar
surfaces, internal apertures or the like for bone implantation
tools and may be readily and securely fastened to each other
as well as to the bone. Also, if part of the implant should slip
relative to another part or become loose for some reason, an
object of the invention is to provide an implant wherein all
of the parts remain together and do not separate. Further-
more, it is an object of the invention to provide a light-
weight, reduced volume, low profile polyaxial bone screw
that assembles in such a manner that the components coop-
erate to create an overall structure that prevents uninten-
tional disassembly. Furthermore, it is an object of the
invention to provide apparatus and methods that are easy to
use and especially adapted for the intended use thereof and
wherein the tools are comparatively inexpensive to produce.
[0016] Other objects and advantages of this invention will
become apparent from the following description taken in
conjunction with the accompanying drawings wherein are
set forth, by way of illustration and example, certain
embodiments of this invention.

[0017] The drawings constitute a part of this specification
and include exemplary embodiments of the present inven-
tion and illustrate various objects and features thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is an exploded perspective view of a
polyaxial bone screw assembly according to the present
invention having a shank with a capture structure at an end
thereof, a head, and a closure structure.
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[0019] FIG. 2 is an enlarged and fragmentary view of the
assembly of FIG. 1, showing the head in cross-section, taken
along the line 2-2 of FIG. 1, and illustrating the shank in
front elevation prior to the insertion of the shank capture
structure into the head according to a method of the inven-
tion.

[0020] FIG. 3 is a reduced and fragmentary cross-sectional
view of the head and shank, taken along the line 2-2 of FIG.
1, showing the shank capture structure partially screwed into
the head.

[0021] FIG. 4 is a reduced and fragmentary cross-sectional
view of the head and shank of FIG. 3, illustrating the shank
capture structure disposed and rotatable within the head.
[0022] FIG. 5 is a reduced and fragmentary cross-sectional
view of the head and the attached shank of FIG. 4, and
further showing the shank being implanted into a vertebra
using a driving tool mounted on the shank capture structure.
[0023] FIG. 6 is an enlarged and fragmentary cross-sec-
tional view of the head, shank and driving tool of FIG. 5.
[0024] FIG. 7 is a reduced and fragmentary cross-sectional
view of the head, similar to FIG. 5, showing the shank in
front elevation and implanted in the vertebra, a rod, in
cross-section, disposed in the head, and illustrating the
insertion of the closure structure using a driver.

[0025] FIG. 8 is a reduced front-elevational view of the
assembly of FIG. 1, shown with a rod in cross-section, the
shank implanted in the vertebra and with the closure struc-
ture fully installed.

[0026] FIG. 9 is an enlarged and fragmentary view of the
assembly of FIG. 8 with the head and rod in cross-section,
showing the details thereof.

[0027] FIG. 10 is a front-elevational view of the shank of
FIG. 1 shown implanted in a vertebra (shown in cross-
section) according to an alternative method of the invention.
[0028] FIG. 11 is a front-elevation view of the shank of
FIG. 10, and including a reduced cross-sectional view of the
head of FIG. 2, illustrating insertion of the head on the
implanted shank according to an alternative method of the
invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0029] As required, detailed embodiments of the present
invention are disclosed herein; however, it is to be under-
stood that the disclosed embodiments are merely exemplary
of the invention, which may be embodied in various forms.
Therefore, specific structural and functional details dis-
closed herein are not to be interpreted as limiting, but merely
as a basis for the claims and as a representative basis for
teaching one skilled in the art to variously employ the
present invention in virtually any appropriately detailed
structure.

[0030] With reference to FIGS. 1-9, the reference number
1 generally represents a polyaxial bone screw apparatus or
assembly according to the present invention. The assembly
1 includes a shank 4 and a head 6. The shank 4 further
includes a body 8 integral with an upwardly extending
capture structure 10. The shank 4 and head 6 are often
assembled prior to implantation of the shank body 8 into a
vertebra 13, as seen in FIGS. 3 and 4. However, in a method
of the invention shown in FIGS. 10 and 11, the shank body
8 is first implanted in the vertebra 13, followed by joining
the head 6 to the shank 4.
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[0031] FIG. 1 further shows a closure structure 16 of the
invention for biasing a longitudinal member such as a rod 19
against the capture structure 10 which in turn biases the
structure 10 into fixed frictional contact with the head 6, so
as to fix the rod 19 relative to the vertebra 13. The head 6 and
shank 4 cooperate in such a manner that the head 6 and
shank 4 can be secured at any of a plurality of angles,
articulations or rotational alignments relative to one another
and within a selected range of angles both from side to side
and from front to rear, to enable flexible or articulated
engagement of the head 6 with the shank 4 until both are
locked or fixed relative to each other near an end of an
implantation procedure.

[0032] With reference to FIGS. 1 and 2, the shank 4 is
elongate, with the shank body 8 having a helically wound
bone engaging thread 24 extending from near a neck 26
located adjacent to the capture structure 10 to near a tip 28
of the body 8 and projecting radially outward therefrom.
[0033] During use, rotation of the body 8 utilizes the
thread 24 for gripping and advancement in the bone and is
implanted into the vertebra 13 leading with the tip 28 and
driven down into the vertebra 13 with an installation or
driving tool 31, so as to be implanted in the vertebra 13 to
near the neck 26, as shown in FIG. 5 and as is described
more fully in the paragraphs below.

[0034] The shank 4 has an elongate axis of rotation
generally identified by the reference letter A. It is noted that
any reference to the words top, bottom, up and down, and the
like, in this application refers to the alignment shown in the
various drawings, as well as the normal connotations applied
to such devices, and is not intended to restrict positioning of
the assembly 1 in actual use.

[0035] The neck 26 extends axially outward and upward
from the shank body 8 to a base 34 of the capture structure
10. The neck 26 generally has a reduced radius as compared
to an adjacent top 36 of the shank body 8. Further extending
axially and outwardly from the neck 26 is the capture
structure 10 that provides a connective or capture apparatus
disposed at a distance from the body top 36 and thus at a
distance from the vertebra 13 when the shank body 8 is
implanted in the vertebra 13.

[0036] The capture structure 10 is configured for connect-
ing the shank 4 to the head 6 and then capturing the shank
4 in the head 6. The capture structure 10 has an outer
substantially hemi-spherically or partial spherically shaped
surface 40 extending from the base 34 to a top portion 44.
Formed on an upper part 46 of the surface 40 is a guide and
advancement structure illustrated in the drawing figures as
an inverted or reverse buttress thread 48. The thread 48 is
sized and shaped to mate with a cooperating guide and
advancement structure 50 disposed on an inner surface 52 of
the head 6 disposed adjacent to and defining an opening 54
of a lower end or bottom 56 of the head 6. Preferably, the
thread 48 is relatively thick and heavy to give strength to the
thread and prevent the threads from being easily bent or
deformed when axial pressure is applied to the shank 4 to
maintain the capture structure 10 in the head 6, as described
further below.

[0037] The thread 48 winds about the upper portion 46 in
a generally helical pattern or configuration that is typical of
threads and can have various pitches, be clockwise or
counterclockwise advanced, or vary in most of the ways that
conventional buttress threads vary. The thread 48 has a
leading surface or flank 58 and a trailing surface or flank 59.

Sep. 7, 2023

As used herein, the terms leading and trailing refer to the
direction of advancement of the capture structure 10 into the
guide and advancement structure 50 of the head 6 aligning
the axis A of the shank 4 with an elongate axis of rotation B
of the head 6 and directing the capture structure 10 toward
the head 6, as shown by the straight arrow C illustrated in
FIG. 2.

[0038] The leading surface 58 has an inner edge 62 and an
outer edge 63. The trailing surface 59 has an inner edge 66
and an outer edge 67. At the crests of the thread 48, where
the leading surface outer edge 63 and the trailing surface
outer edge 67 meet or are closely spaced relative to one
another, preferably there is a slight relief as shown in the
drawings so as to have a slight connecting wall or crest
surface 70 therebetween along a substantial length of the
thread that decreases the sharpness of the buttress thread 48
and increases the strength and surface contact thereof. The
size of the crest or connecting surface 70 varies, generally
increasing as the thread 48 winds from the top surface 44 to
a non-threaded lower portion 72 of the surface 40.

[0039] As can be seen in the drawing figures, the general
shape of the cross section of the thread 48 is that of a right
triangle, with the leading surface 58 sloping away from the
axis A and downwardly from the inner edge 62 and the
trailing surface 59 extending substantially horizontally from
the inner edge 66 and thus substantially perpendicular to the
axis A.

[0040] Although a reverse or inverted buttress thread as
described herein is preferable for use according to the
invention, it is foreseen that other thread types, such as
V-threads, square threads, other inverted thread types or
other thread like or non-thread like guide and advancement
structures, such as flange form, helically wound advance-
ment structures may be utilized according to the invention.
Other preferred thread-types also include square threads
with wide strong teeth and greater surface contact as well as
modified inverted buttress threads, for example buttress
threads wherein the angular relationship between the trailing
and leading surfaces are modified somewhat, or wherein the
size, shape or orientation of the connecting wall between the
leading and trailing surfaces is modified somewhat.

[0041] Advancement of the capture structure 10 into the
head 6 is accomplished by rotating the shank 4 in a coun-
terclockwise direction about the axes A and 2 and into the
head 6 as illustrated by the arrow T in FIG. 2. As will be
described more fully below, an outer edge of the trailing
surface or flank 59 and/or the connecting surface 70 may
also be a loading surface after the capture structure 10 is
fully disposed in the head 6.

[0042] The non-threaded lower portion 72 of the capture
structure 10 surface 40 that is disposed between the base 34
and the thread 48 may have a smooth or a high-friction or
roughened surface, such as a scored or knurled surface 73
illustrated on FIG. 9. As also illustrated in FIG. 9 and will
be described more fully below, the lower portion 72 may
come into contact with the head guide and advancement
structure 50 during a rod reduction process according to the
present invention.

[0043] In the embodiment shown, the shank 4 further
includes a rod and tool engagement structure 74 projecting
upwardly from the top portion 44 of the capture structure 10.
The tool engagement structure 74 has a hexagonally shaped
head 76 with a substantially domed top 78. The structure 74
is coaxial with both the threaded shank body 8 and the



US 2023/0277223 Al

capture structure 10. The head 76 is sized and shaped for
engagement with the driving tool 31 shown in FIGS. 5 and
6 that includes a driving and mating structure in the form of
a socket. The tool 31 is configured to fit about the head 76
so as to form a socket and mating projection for both
operably driving and rotating the shank body 8 into the
vertebra 13.

[0044] In the embodiment shown, to provide further
mechanical advantage during installation of the shank 4 into
the vertebra 13, the capture structure 10 includes a counter-
sunk portion 80 formed in the top 44, the portion 90 adjacent
to and surrounding the head 76. The portion 80 includes a
planar seating surface 82 disposed perpendicular to the axis
A and spaced from the top portion 44. Contiguous to both the
surface 82 and the top 44 are faces 84 that are disposed
parallel to the axis A and thus are substantially perpendicular
to the surface 82. The faces 84 form a hex-shaped outer
periphery of the counter-sunk portion 80. The tool 31
includes an outer surface portion 90 sized and shaped to
mate with the bottom and both side walls of the counter-sunk
portion 80, such that a bottom of the tool 31 seats on the
surface 82 and the outer surface portion 90 is adjacent to and
engaging the faces 84 when the tool 31 is disposed about and
engaging with the hexagonally shaped head 76.

[0045] The domed top end surface 78 of the shank 4 is
preferably convex, curved or dome-shaped as shown in the
drawings, for positive engagement with the rod 19 when the
bone screw assembly 1 is assembled, as shown in FIGS. 7-9,
and in any alignment of the shank 4 relative to the head 6.
In certain embodiments, the surface 78 is smooth. While not
required in accordance with the practice of the invention, the
surface 78 may be scored or knurled to further increase
frictional engagement between the dome 78 and the rod 19.
The dome 78 may be radiused so that the dome 78 engages
the rod 19 slightly above a surface 100 defining a lower
portion of a rod receiving channel in the head 6, even as the
head 6 is swiveled relative to the shank 4 so that pressure is
always exerted on the dome surface 78 by the rod 19 when
the assembly 1 is fully assembled. It is foreseen that in other
embodiments the dome 78 can have other shapes which may
include off-axis apertures for driving the shank with a
mating tool.

[0046] The shank 4 shown in the drawings is cannulated,
having a small central bore 92 extending an entire length of
the shank 4 along the axis A. The bore 92 is defined by an
inner substantially cylindrical wall 95 of the shank 4 and has
a first circular opening 96 at the shank tip 28 and a second
circular opening 98 at the top domed surface 78. The bore 92
is coaxial with the threaded body 8 and the capture structure
10. The bore 92 provides a passage through the shank 4
interior for a guide pin or length of wire 103 inserted into a
small pre-drilled tap bore 105 in the vertebra 13 prior to the
insertion of the shank body 8, the pin 103 providing a guide
for insertion of the shank body 8 into the vertebra 13
[0047] The head 6 is partially cylindrical in external
profile and includes a base portion 110 extending from the
end 56 to a V-shaped surface 111 disposed at a periphery of
the surface 100 and extending radially outwardly and down-
wardly therefrom. The base 110 is integral with a pair of
upstanding and spaced arms 112 and 114. The surface 100
and the arms 112 and 114 forming a U-shaped channel 116
between the arms 112 and 114 with an upper opening 119.
The lower surface 100 defining the channel 115 preferably
has substantially the same radius as the rod 19. In operation,
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the rod 19 preferably is located just above the channel lower
surface 100, as shown in FIGS. 7-9.

[0048] Each of the arms 112 and 114 has an interior
surface 122 that defines an inner cylindrical profile and
includes a discontinuous helically wound guide and
advancement structure 124 beginning at a top 125 of the
head 6 and extending downwardly therefrom. The guide and
advancement structure 124 is a partial helically wound
flange-form configured to mate under rotation about the axis
B with a similar structure disposed on the closure structure
16, as described more fully below. However, it is foreseen
that the guide and advancement structure 124 could alter-
natively be a V-shaped thread, a buttress thread, a reverse
angle thread or other thread-like or non-thread-like helically
wound guide and advancement structure for operably guid-
ing under rotation and advancing the closure structure 16
between the arms 112 and 114, as well as eventual torquing
when the closure structure 16 abuts against the rod 19.
[0049] The head 6 includes external, grip bores 128 and
129 disposed on the respective arms 112 and 114 for positive
engagement by a holding tool (not shown) to facilitate
secure gripping of the head 6 during assembly of the head 6
with the shank 4. Furthermore, the grip bores 128 and 129
may be utilized to hold the head 6 during the implantation
of the shank body 8 into the vertebra 13. The bores 128 and
129 are centrally located on the respective arms 112 and 114
and may communicate with upwardly projecting hidden
recesses to further aid in securely holding the head 6 to a
holding tool (not shown). It is foreseen that the bores 128
and 129 may be configured to be of a variety of sizes, shapes
and locations along outer surfaces of the arms 112 and 114.
[0050] Communicating with the U-shaped channel 116 of
the head 6 is a chamber or cavity 136 substantially defined
by a partially spherical inner surface 138 that is disposed in
the base portion 110 of the head beneath the interior cylin-
drical surface 122 of the arms 112 and 114 and extending
into the inner surface 52 that defines the guide and advance-
ment structure 50. The cavity 136 communicates with both
the U-shaped channel 116 and a bore 140 that also is defined
by the guide and advancement structure 50, that in turn
communicates with the opening 54 at the bottom 56 of the
head 6.

[0051] The guide and advancement structure 50 includes a
leading surface 152 and a trailing surface 156. Similar to
what is described herein with respect to the reverse buttress
thread 48 of the capture structure 10, the guide and advance-
ment structure 50 is preferably of a buttress thread type as
such structure provides strength and stability to the assembly
1, with the trailing surface 156 that extends substantially
perpendicular to the axis B. The cross-sectional configura-
tion of an inverted buttress thread also results in an orien-
tation for the structure 50 that improves strength and desir-
ably resists pushing of the capture structure 10 out of the
opening 54. However, as with the thread 48, it is foreseen
that other types of threaded and non-threaded helical struc-
tures may be utilized in accordance with the present inven-
tion.

[0052] A juncture of the interior surface 122 and the cavity
inner surface 138 forms an opening or neck 158 that has a
radius extending from the Axis B that is smaller than a radius
extending from the Axis B to the inner surface 138. Also, a
radius from the lower opening 54 to the Axis B is smaller
than the radius extending from the Axis B to the inner
surface 138 and the inner surface portion 52 defining the
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guide and advancement structure 50. Thus, the cavity or
chamber 136 is substantially spherical, widening and open-
ing outwardly and then inwardly in a direction toward the
lower opening 54. However, it is foreseen that other shapes,
such as a cone or conical shape, may be utilized for a head
inner cavity according to the invention.

[0053] After the reverse buttress thread 48 of the capture
structure 10 is mated and rotated to a position within the
cavity 136 and further upwardly and axially into non-
engagement beyond the trailing surface 156 of the guide and
advancement structure 50, the capture structure 10 is rotat-
able or swingable within the cavity 136 until later friction-
ally locked in place, and cannot be removed from the head
6 through the upper neck 158 or through the lower bore 140
without reversing the assembly process with the components
in axial alignment. As shown in FIG. 4, the capture structure
10 is held within the cavity 136 from above by the partially
spherical surface 138 and from below by the threaded inner
surface 52. Stated in another way, the thick strong thread 50
of the head 6 disposed along the surface 52, and the
unmated, thick strong thread 48 of the capture structure 10,
prevent the capture structure 10 from being pushed or pulled
from the chamber 136, unless the capture structure 10 is
rotated and unscrewed therefrom again through the bore 140
in axial alignment. More specifically, the buttress thread 48,
particularly the trailing surface 59, resists pushing out of the
bore 140 and bottom opening 54 due to the strength and
orientation of the buttress thread and the fact that the greatest
diameter of the threaded portion 46 of the capture structure
10 is greater than the interior diameter of the bore 140.
[0054] As shown in FIG. 9 and described more fully
below, the buttress thread 48 and mating thread 50 further
provide a frictional interface when pushed from above, as by
a closure structure 16 pushing on a rod 19 or other tool
pushing against the dome 78, with outer edges of the thread
48 contacting the inner surface 52 or portions of the thread
50, resulting in a digging or abrasion into the surface 52 by
the thread 48. However, if there is no pushing from above,
the cavity or chamber 136 allows the structure 10 to freely
rotate in the chamber 136 to a position or orientation desired
by a surgeon. In this manner, the head 6 is able to swivel or
swing about the shank 4 until subsequently locked in place.
[0055] The elongate rod or longitudinal member 19 that is
utilized with the assembly 1 can be any of a variety of
implants utilized in reconstructive spinal surgery, but is
normally a cylindrical elongate structure having a cylindri-
cal surface 162 of uniform diameter and preferably having
a generally smooth surface. The rod 19 is also preferably
sized and shaped to snugly seat near the bottom of the
U-shaped channel 116 of the head 6 and, during normal
operation, is positioned slightly above the bottom of the
channel 116 near, but spaced from, the lower surface 100.
[0056] In particular, the rod 19 normally directly or abut-
ingly engages the shank top surface 78, as shown in FIGS.
8 and 9 and is biased against the dome shank top surface 78,
consequently biasing the shank 4 downwardly in a direction
toward the base 110 of the head 6 when the assembly 1 is
fully assembled with the rod 19 and the closure member 16.
For this to occur, the shank top surface 78 must extend at
least slightly into the space of the channel 116, above the
surface 100 when the capture structure 10 is snugly seated
in the lower part of the head cavity 136 as shown in FIG. 9
with a portion of the buttress thread 48 contacting a portion
of the structure 50, resulting in a frictional interface between
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the thread 48 and the thread 50. The pressure placed on the
capture structure 10 by the rod 19 and closure member 15
may also cause a spreading or expansion of the capture
structure 10, causing an interlocking or interdigitation of the
threads 48 and 50, or an abrading of the surface 52 at the
thread 50 by the thread 48. The shank 4 and the capture
structure 10 are thereby locked or held in position relative to
the head 6 by the rod 19 firmly pushing downward on the
shank domed surface 78.

[0057] With reference to FIGS. 1, 7 and 8, the closure
structure or closure top 16 can be any of a variety of different
types of closure structures for use in conjunction with the
present invention with suitable mating structure on the
upstanding arms 112 and 114. The closure top 16 screws
between the spaced arms 112 and 114 and closes the top of
the channel 116 to capture the rod 19 therein.

[0058] The illustrated closure top 16 has a generally
cylindrically shaped body 170, with a helically wound guide
and advancement structure 172 that is sized, shaped and
positioned so as to engage the guide and advancement
structure 124 on the arms 112 and 114 to provide for rotating
advancement of the closure structure 16 into the head 6
when rotated clockwise and, in particular, to cover the top or
upwardly open portion of the U-shaped channel 116 to
capture the rod 19, preferably without splaying of the arms
112 and 114. The body 170 further includes a base or bottom
174 having a pointed rod engaging projection or point 175
extending or projecting axially beyond a lower rim 176. The
closure structure 16, with the projection 175 frictionally
engaging and abrading the rod surface 162, thereby applies
pressure to the rod 19 under torquing, so that the rod 19 is
urged downwardly against the shank domed surface 78 that
extends into the channel 116. Downward biasing of the
shank surface 78 operably produces a frictional engagement
between the rod 19 and the surface 78 and also urges the
capture structure 10 toward the base 110 of the head 6, as
will be described more fully below, so as to frictionally seat
the capture structure buttress thread 48 and/or lower portion
72 against the threaded inner surface 52 of the head 6, also
fixing the shank 4 and capture structure 10 in a selected,
rigid position relative to the head 6.

[0059] The illustrated closure structure 16 further includes
a substantially planar top surface 178 that has a centrally
located, hexalobular internal driving feature 180 formed
therein (sold under the trademark TORX), which is charac-
terized by an aperture with a 6-point star-shaped pattern. It
is foreseen that other driving features or apertures, such as
slotted, hex, tri-wing, spanner, and the like may also be
utilized according to the invention. With reference to FIG. 7,
a driving/torquing tool 179 having a cooperating hexalobu-
lar driving head is used to rotate and torque the closure
structure 16. The tool 179 may also be utilized for removal
of the closure structure 16, if necessary.

[0060] It is foreseen that a closure structure according to
the invention may be equipped with a break-off feature or
head, the closure structure sized and shaped to produce a
break-way region that breaks at a preselected torque that is
designed to properly seat the closure structure in the head 6.
Such a closure structure would include removal tool engage-
ment structure, such as a pair of spaced bores, a countersunk
hex-shaped aperture, a left-hand threaded bore, or the like,
fully accessible after the break-off head feature breaks away
from a base of the closure structure.
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[0061] In use, prior to the polyaxial bone screw assembly
1 being implanted in a vertebra according to the invention,
the shank capture structure 10 is often pre-loaded by inser-
tion or bottom-loading into the head 6 through the opening
54 at the bottom end 56 of the head 6. The capture structure
10 is aligned with the head 6, with the axes A and B aligned
so that the reverse buttress thread 48 of the capture structure
10 is inserted into and rotatingly mated with the guide and
advancement structure 50 on the head 6. The shank 4 is
rotated in a counter-clockwise direction as illustrated by the
arrow T in FIG. 2 to fully mate the structures 48 and 50, as
shown in FIG. 3, and the counter-clockwise rotation is
continued until the thread 48 disengages from the thread 50
and the capture structure 10 is fully disposed in the head
cavity 136.

[0062] In the position shown in FIG. 4, the shank 4 is in
slidable and rotatable engagement with the head 6, while the
capture structure 10 is maintained in the head 6 with the
shank body 8 in rotational relation with the head 10. For
example, an extent of rotation is shown in FIGS. 4 and 9
where it can be deduced that the shank body 8 can be rotated
through a substantial angular rotation relative to the head 6,
both from side to side and from front to rear so as to
substantially provide a universal or ball joint wherein the
angle of rotation is only restricted by engagement of the
thread 48 of the capture structure 10 and the thread 50 of the
head 6 at a lower portion or area of the head 6 and by the
thread 48 contacting the inner spherical surface 138 of the
head 6 at an upper portion or area of the head 6.

[0063] With reference to FIGS. 5 and 6, the assembly 1 is
then typically screwed into a bone, such as the vertebra 13,
by rotation of the shank body 8 using the driving tool 31 that
operably drives and rotates the shank 8 by engagement
thereof with the hexagonally shaped extension head 76 of
the shank 4. Preferably, when the driving tool 31 engages the
head 76 during rotation of the driving tool 31, the outer
portion 90 also engages the faces 84 and a bottom of the tool
31 is fully seated upon and frictionally engages with the
planar surface 82 disposed in the counter-sunk portion 80 of
the capture structure 10. It is foreseen that in other embodi-
ments according to the invention, the counter-sunk portion
may be defined by more or fewer engaging surfaces.
[0064] With particular reference to FIG. 5, the vertebra 13
may be pre-drilled with the small tap bore 105 to minimize
stressing the bone and thereafter have the guide wire or pin
103 inserted therein to provide a guide for the placement and
angle of the shank 4 with respect to the vertebra 13. A further
tap bore (not shown) may be made using a tap with the guide
pin 103 as a guide. Then, the assembly 1 is threaded onto the
guide pin 103 utilizing the cannulation bore 92 by first
threading the pin 103 into the bottom opening 96 and then
out of the top opening 98. The shank body 8 is then driven
into the vertebra 13, using the pin 103 as a placement guide.
[0065] With reference to FIGS. 7-9, the rod 19 is eventu-
ally positioned within the head U-shaped channel 116, and
the closure structure or top 16 is then inserted into and
advanced in a clockwise direction between the arms 112 and
114 so as to bias or push against the rod 19. The closure
structure 16 is rotated, utilizing the tool 179 in engagement
with the driving feature or aperture 180 until an appropriate
torque is achieved, for example 90 to 120 inch pounds, to
urge the rod 19 downwardly. The shank top domed surface
78, because it is rounded to approximately equally extend
upward into the channel 116 approximately the same amount
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no matter what degree of rotation exists between the shank
8 and the head 6 and because the surface 78 is sized to
extend upwardly into the U-shaped channel 116, the surface
78 is engaged by the rod 19 and pushed downwardly toward
the base 110 of the head 6 when the closure structure 16
biases downwardly toward and onto the rod 19.

[0066] In very unusual circumstances, the Axis A and the
Axis B are aligned and in such a case the surface 72 of the
capture structure 10 engages and sets atop the thread 50 of
the head 6. Downward pressure on the shank 4 produces
frictional fixing between the surface 72 and the thread 50 in
such an alignment.

[0067] In most final placements, the head 6 is tilted
relative to the shank 4, so that the Axes A and B are not
aligned. In such a situation, downward pressure on the shank
4 in turn urges the capture structure 10 downward toward the
head inner surface 52 and associated guide and advancement
structure 50, with a portion of the buttress thread 48 being
urged into frictional engagement with a portion of the
threaded surface 52 on the head 6. Further, another portion
of'the thread 50 engages and frictionally locks with a portion
of the capture structure surface 72, as seen in FIG. 9. As the
closure structure 16 presses against the rod 19, the rod 19
presses against the shank 4, and the capture structure 10
becomes frictionally and rigidly attached to the head 10.
Outer edges formed by the leading 58 and trailing 59
surfaces of the thread 48 frictionally engage and abrade the
inner threaded surface 52 and the spherical surface 138. If
the pressure is such that the capture structure 10 expands, a
meshing and/or interlocking of the thread 48 and the thread
50 may occur. Thus, this interlocking or meshing of the
surfaces of the thread 48 with the surfaces of the thread 50
further fixes the shank body 8 in a desired angular configu-
ration with respect to the head 6 and the rod 19.

[0068] FIG. 8 illustrates the polyaxial bone screw assem-
bly 1 with the rod 19 and the closure structure 16 positioned
in a vertebra 13. The axis A of the bone shank 8 is illustrated
as not being coaxial with the axis B of the head 6 and the
shank body 8 is fixed in this angular locked configuration.
[0069] Other angular configurations can be achieved, as
required during installation surgery due to positioning of the
rod 19 or the like. With reference to FIG. 9, an implanted
polyaxial bone screw assembly 1 is shown wherein the
shank body 8 is fixed in a desired angular orientation with
respect to the head 6 with the rod 19 in frictional contact
with the domed surface 78, a portion of the wall 70 disposed
between the leading surface 52 and the trailing surface 59
being in frictional contact with the thread 50 of the head 6,
and a portion of the lower spherical surface 72 of the capture
structure 10 in contact with the thread 50 of the head 6.
[0070] Itis foreseen that, when the shank 4 is not disposed
at an angle with respect to the head, in other words, when the
axes A and B remain aligned and the shank body 8 is locked
into a position substantially coaxial with the head, then the
surface 72 abuts against the guide and advance structure 50
only. Such a locked position adequately holds the shank in
place, with outer edges of the thread 50 frictionally engaging
and abrading the surface 72, but as noted before, this is not
common. The shank 4 typically is locked into place with a
portion of the thread 48 frictionally interfacing with the
thread 50. It is foreseen that according to the invention, the
geometry of the surface 72 may be modified slightly so that
when a coaxial orientation of the shank 4 and the head 6 is
desired, the buttress thread 48 will frictionally engage with
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the thread 50 with no contact being made between the head
6 and the capture structure 10 at either the spherical surface
138 or the spherical surface 72.

[0071] If removal of the assembly 1 and associated rod 19
and closure structure 16 is necessary, disassembly is accom-
plished by using the driving tool 179 that is received in and
mates with the driving feature 180 and then turned coun-
terclockwise to rotate the closure structure 16 and reverse
the advancement thereof in the head 6. Then, disassembly of
the assembly 1 is continued in reverse order to the procedure
described previously herein for assembly.

[0072] With reference to FIGS. 10 and 11, in an alternative
method according to the invention, the shank 4 is first
implanted into the vertebra 13 by rotation of the shank 8 into
the vertebra 13 using the driving tool 31 that operably drives
and rotates the shank 8 by engagement thereof with the
hexagonally shaped extension head 76 of the shank 4. As
already described herein, when the driving tool 31 engages
the head 76 during rotation of the driving tool 31, the outer
portion 90 also engages the faces 84 and a bottom of the tool
31 is fully seated upon and frictionally engages with the
planar surface 82 disposed in the counter-sunk portion 80 of
the capture structure 10. It may be desirable to only partially
implant the shank 8 into the vertebra 13, with the capture
structure 10 extending proud to provide space for the
attachment of the head 6 to the shank 4.

[0073] The head 6 is then attached to the shank 4 by
inserting the head 6 onto the capture structure with the axes
A and B aligned and mating the thread 48 with the thread 50
by rotating the head 6 in a clockwise direction. The head is
then rotated until the thread 48 disengages with the thread 50
and the capture structure 10 is freely rotatably disposed in
the head cavity 136. Then, the shank body the shank 4 can
be further driven into the vertebra 13, if necessary, utilizing
the driving tool 31 as already described herein. The remain-
der of the implant assembly includes elements that have
been previously described.

[0074] Itis to be understood that while certain forms of the
present invention have been illustrated and described herein,
it is not to be limited to the specific forms or arrangement of
parts described and shown.

What is claimed is:

1. A pivotal bone screw assembly for securing an elongate
rod to a bone of a patient via a closure top, the pivotal bone
screw assembly comprising:

ahead member including a base defining a cavity centered
about a vertical centerline axis and communicating
with a bottom of the head member through a lower
opening, and a pair of upstanding arms extending
upward from the base to define an upwardly-open
channel extending perpendicular to the vertical center-
line axis and configured to receive the elongate rod, the
upwardly-open channel communicating with the cavity
and including opposed interior surfaces with a discon-
tinuous inner thread formed therein, the lower opening
including an at least partial thread cut into the lower
opening;

a shank including a longitudinal axis, a capture structure
at a proximal end, and a body extending distally from
the capture structure with an anchor portion configured
to fix to the bone, the capture structure including a
partially spherical shape and a top end with a tool
engagement structure formed therein, the capture struc-
ture configured for positioning within the cavity so as
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to provide for pivotal motion between the head member
and the shank prior to locking of the elongate rod in the
upwardly-open channel via the closure top; and

a second thread configured for threaded engagement with

the at least partial thread cut into the lower opening as
part of an assembly process by which the capture
structure is retained in the cavity of the head member.

2. The pivotal bone screw assembly of claim 1, wherein
the tool engagement structure further comprises a drive
socket extending inward from an upper surface of the
capture structure and configured to receive a tool to drive the
shank into the bone.

3. The pivotal bone screw assembly of claim 2, wherein
the socket is defined by a plurality of planar tool engagement
faces centered about and aligned parallel with the longitu-
dinal axis.

4. The pivotal bone screw assembly of claim 1, wherein
the second thread is part of the capture structure of the shank
and the capture structure was threaded through the lower
opening as part of the assembly process by which the capture
structure is retained in the cavity of the head.

5. The pivotal bone screw assembly of claim 1, further
comprising the closure top, wherein the closure top is
configured to threadably engage the discontinuous inner
thread of the upwardly-open channel to apply a downward
force to the elongate rod to lock the elongate rod within the
upwardly-open channel.

6. The pivotal bone screw assembly of claim 5, wherein
the discontinuous inner thread of the upwardly-open channel
and a thread of the closure top are each configured to
interface with each other such that splay of the pair of
upstanding arms extending upward from the base is sub-
stantially eliminated when the closure top is used to lock the
elongate rod within the upwardly-open channel.

7. The pivotal bone screw assembly of claim 1, wherein
the inner surface of the cavity of the head member includes
a partially spherical surface adjacent to the lower opening.

8. The pivotal bone screw assembly of claim 1, wherein
the lower opening of the head member includes a down-
wardly-opening beveled surface adjacent to the bottom of
the head member and defining a partial conical-shaped
structure.

9. The pivotal bone screw assembly of claim 1, wherein
the shank further includes a cannulation extending along at
least a portion of longitudinal axis.

10. A method of assembling a pivotal bone screw assem-
bly for securing an elongate rod to a bone of a patient via a
closure top, the method comprising:

providing a shank including a longitudinal axis, a capture

structure at a proximal end, and a body extending
distally from the capture structure with an anchor
portion configured to fix to the bone, the capture
structure including a partially spherical shape and a top
end with a tool engagement structure formed therein;
providing a head member including a base defining a
cavity centered about a vertical centerline axis and
communicating with a bottom of the head member
through a lower opening, and a pair of upstanding arms
extending upward from the base to define an upwardly-
open channel extending perpendicular to the vertical
centerline axis and configured to receive the elongate
rod, the upwardly-open channel communicating with
the cavity and including opposed interior surfaces with
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a discontinuous inner thread formed therein, the lower
opening including an at least partial thread cut into the
lower opening; and

threading a second thread into the at least partial thread

cut into the lower opening as part of a process by which
the capture structure is retained in the cavity of the head
member.

11. The method of claim 10, further comprising position-
ing the capture structure in the cavity.

12. The method of claim 11, wherein the capture structure
is uploaded into the cavity.

13. The method of claim 11, wherein once the capture
structure is retained in the cavity of the head member, the
capture structure is positionable within the cavity so as to
provide for pivotal motion between the head member and
the shank prior to a locking of the elongate rod in the
upwardly-open channel via the closure top.

14. The method of claim 11, wherein the capture structure
is positioned in the cavity subsequent to the second thread
being threaded into the at least partial thread cut into the
lower opening.

15. The method of claim 10, wherein the second thread is
part of the capture structure of the shank, and the capture
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structure is threaded through the lower opening to position
the capture structure in the cavity of the head member.

16. The method of claim 15, wherein once the capture
structure is retained in the cavity of the head member, the
capture structure is positionable within the cavity so as to
provide for pivotal motion between the head member and
the shank prior to a locking of the elongate rod in the
upwardly-open channel via the closure top.

17. The method of claim 10, wherein the tool engagement
structure further comprises a drive socket extending inward
from an upper surface of the capture structure and config-
ured to receive a tool to drive the shank into the bone.

18. The method of claim 10, wherein the inner surface of
the cavity of the head member includes a partially spherical
surface adjacent to the lower opening.

19. The method of claim 10, wherein the lower opening
of the head member includes a downwardly-opening bev-
eled surface adjacent to the bottom of the head member and
defining a partial conical-shaped structure.

20. The method of claim 10, wherein the shank further
includes a cannulation extending along at least a portion of
the longitudinal axis.
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