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(57) ABSTRACT 
A medical implant assembly includes a polyaxial bone 
anchor having a shank, a receiver, a lower compression 
insert with Surfaces for closely receiving an elongate con 
necting member and a dual closure structure that may 
include a single flange or helical flange. The dual closure 
structure independently engages the connecting member and 
the lower compression insert. A threaded capture connection 
of the bone anchor includes a shank upper Surface exclu 
sively engaging the lower compression insert and a retainer 
threadably attached to the shank and spaced from the upper 
Surface, the retainer configured for polyaxial motion with 
respect to the receiver prior to locking. 
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POLYAXAL BONE ANCHOR WITH 
HELICAL CAPTURE CONNECTION, INSERT 

AND DUAL LOCKING ASSEMBLY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of U.S. Provi 
sional Application No. 60/000,964 filed Oct. 30, 2007, 
incorporated by reference herein. This application is also a 
continuation-in-part of U.S. patent application Ser. No. 
11/522,503 filed Sep. 14, 2006 that is a continuation-in-part 
of U.S. patent application Ser. No. 11/024.543 filed Dec. 20, 
2004, both of which are incorporated by reference herein. 
This application is also a continuation-in-part of U.S. patent 
application Ser. No. 11/140,343 filed May 27, 2005, incor 
porated by reference herein. This application is also a 
continuation-in-part of U.S. patent application Ser. No. 
10/986,377 filed Nov. 10, 2004, incorporated by reference 
herein. This application is also a continuation-in-part of U.S. 
patent application Ser. No. 10/818,555 filed Apr. 5, 2004 that 
is a continuation of U.S. patent application Ser. No. 10/464, 
633 filed Jun. 18, 2003, now U.S. Pat. No. 6,716,214, both 
of which are incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

0002 The present invention is directed to polyaxial bone 
screws for use in bone Surgery, particularly spinal Surgery, 
and cooperating elongate connecting members that are at 
least somewhat plastically deformable. Such screws have a 
receiver or head that can swivel about a shank of the bone 
screw, allowing the receiver to be positioned in any of a 
number of angular configurations relative to the shank. 
0003. Many spinal surgery procedures require securing 
various implants to bone and especially to vertebrae along 
the spine. For example, elongate members, such as Solid 
rigid rods are often utilized that extend along the spine to 
provide Support to vertebrae that have been damaged or 
weakened due to injury or disease. Such elongate members 
must be supported by certain vertebrae and support other 
vertebrae. 
0004. The most common mechanism for providing ver 
tebral Support is to implant bone screws into certain bones 
which then in turn Support the elongate member or are 
supported by the elongate member. Bone screws of this type 
may have a fixed head or receiver relative to a shank thereof. 
In the fixed bone screws, the head cannot be moved relative 
to the shank and the rod or other elongate member must be 
favorably positioned in order for it to be placed within the 
head. This is sometimes very difficult or impossible to do. 
Therefore, polyaxial bone screws are commonly preferred. 
0005 Polyaxial bone screws allow rotation of the 
receiver about the shank until a desired rotational position of 
the receiver is achieved relative to the shank. Thereafter, a 
rod or other elongate connecting member can be inserted 
into the receiver and eventually the rod and the receiver are 
locked or fixed in a particular position relative to the shank. 
0006 A variety of polyaxial or swivel-head bone screw 
assemblies are available. One type of bone screw assembly 
includes an open head or receiver that allows for placement 
of a rod or other elongate member within the receiver. A 
closure top or plug is then used to capture the rod in the 
receiver of the screw. Thus, the closure top or plug pressing 
against the rod not only locks the rod in place but also locks 
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the bone screw shank in a desired angular position with 
respect to the receiver. A draw back to Such a system occurs 
when the rod or other elongate connecting member is made 
from a material that exhibits creep or viscoelastic behavior. 
Creep is a term used to describe the tendency of a material 
to move, flow or to deform permanently to relieve stresses. 
Material deformation occurs as a result of long term expo 
sure to levels of stress that are below the yield or ultimate 
strength of the material. Rods and other longitudinal con 
necting members made from polymers, such as polyethere 
therketone (PEEK), especially pure PEEK and rubbers, have 
a greater tendency to exhibit creep, than, for example metals 
or metal alloys, Such as stainless steel, titanium and nickel 
titanium (commonly referred to by its trade name Nitinol). 
When a rod or other longitudinal connecting member exhib 
its creep deformation over time, the closure top may no 
longer tightly engage the connecting member. This in itself 
is not necessarily problematic. However, such loosening 
also results in loosening of the frictional engagement 
between the receiver and the bone screw shank that locks the 
angular orientation of the shank with respect to the receiver. 
Body movement and stresses may then result in undesirable 
pivoting of the shank with respect to the receiver causing 
mis-alignment, greater stress and further loosening of the 
various polyaxial bone screw components. 
0007. It is known to equip a bone screw assembly with an 
upper and/or a lower pressure insert located within the 
receiver for engaging and closely holding one or more 
surfaces of a rod or other longitudinal connecting member. 
Nested closure tops are known in the art that include a 
fastening portion having an outer thread for engaging an 
interior threaded surface of the receiver arms and also an 
inner thread for engaging a threaded set screw. The fastening 
portion of the closure top is disposed within the receiver 
arms but does not operationally abut against a rod or other 
longitudinal connecting member. Rather, the fastening por 
tion abuts against one or more pressure inserts also located 
in the receiver that in turn engage a polyaxial bone screw 
mechanism so that the shank may be set and locked at a 
desired angular position with respect to the receiver prior to 
locking the rod or other longitudinal connecting member in 
place by direct or indirect pressure thereon by the indepen 
dently rotatable inner set screw. However, one of the draw 
backs to Such a polyaxial implant is that to maintain a 
relatively non-bulky, low profile assembly, the numerous 
inserts and other component parts of Such an assembly have 
thin walls that provide the desired low profile but otherwise 
lack sufficient strength to withstand the stresses placed 
thereon by the human body and other component parts of the 
bone screw assembly. In order to remedy this problem, it is 
further known in the art to equip Such an assembly with an 
outer nut (located outside of the receiver arms) to keep the 
arms of the receiver from splaying and aid in securely 
holding any inserts and other Small component parts within 
the receiver of the bone screw assembly so that the parts do 
not loosen or disassemble within the body. However, such a 
nut adds undesirable bulk to the assembly and may lead to 
undesirable interference with vertebrae and other medical 
implants. 

SUMMARY OF THE INVENTION 

0008. A polyaxial bone screw assembly of the present 
invention includes a shank having a generally elongate body 
with an upper end portion and a lower threaded portion for 
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fixation to a bone. The bone screw assembly further includes 
a receiver having a top portion and a base. The top portion 
is open and has a channel. The base includes an inner seating 
Surface partially defining a cavity and has a lower aperture 
or opening. The channel of the top portion communicates 
with the cavity, which in turn communicates with an opening 
to an exterior of the base. The shank upper portion is 
disposed in the receiver cavity and the shank extends 
through the receiver base opening. A shank capture connec 
tion is provided by the upper portion that includes a first 
helical guide and advancement structure that mates with a 
second helical guide and advancement structure on a retain 
ing structure, the retaining structure configured for polyaxial 
motion with respect to the receiver. The shank has an upper 
Surface that exclusively engages a compression insert that in 
turn engages a longitudinal connecting member being Sup 
ported within the receiver. In certain embodiments, the 
compression insert includes a planar seat and spaced planar 
sides for closely receiving a variety of elongate connecting 
members including members having planar or cylindrical 
Surfaces. A closure structure of the invention may be dual 
locking and include an outer fastener and an inner set screw. 
The outer fastener is sized and shaped for engaging the 
compression insert independent of the longitudinal connect 
ing member for securing the assembly in a wide range of 
angular orientations. The inner set Screw exclusively 
engages the longitudinal connecting member. In an illus 
trated embodiment the outer fastener includes a pair of 
opposed flanges for interlocking engagement with a pair of 
opposed flange tracks of the receiver. In another embodi 
ment, the outer fastener includes an outer helical flange for 
interlocking engagement with a discontinuous helical guide 
and advancement structure located on the receiver. 

Objects and Advantages of the Invention 

0009 Objects of the invention include one or more of the 
following: providing a polyaxial bone screw having a shank 
with an integral upper end portion that threadably mates 
with a retaining structure configured for polyaxial motion 
with respect to the receiver prior to locking; providing Such 
a polyaxial bone screw that includes a pressure insert that 
exerts pressure exclusively on an upper Surface of the 
integral and stronger shank upper end portion, the upper 
Surface being Substantially spaced from the retaining struc 
ture; providing Such an implant wherein all of the parts 
remain together and do not separate; providing a light 
weight, low profile polyaxial bone screw that assembles in 
Such a manner that the components cooperate to create an 
overall structure that prevents unintentional disassembly: 
providing a polyaxial bone screw that provides independent 
locking for the bone screw shank and the longitudinal 
connecting member, providing Such an assembly that 
includes a longitudinal connecting member that may be of 
non-circular or circular cross-section; providing Such an 
assembly that remains in a locked position even if the 
longitudinal connecting member undergoes deformation 
Such as creep; providing a polyaxial bone screw with 
features that provide adequate frictional or gripping Surfaces 
for bone implantation tools and may be readily, securely 
fastened to each other and to bone; and providing apparatus 
and methods that are easy to use and especially adapted for 
the intended use thereof and wherein the apparatus are 
comparatively inexpensive to make and Suitable for use. 
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0010. 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. 
0011. 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 

0012 FIG. 1 is an enlarged, partial and exploded per 
spective view of a bone screw assembly according to the 
invention including a bone screw shank, a receiver, a lower 
compression insert and a closure structure having an outer 
fastener and an inner set screw and shown with a longitu 
dinal connecting member in the form of a rod. 
0013 FIG. 2 is an enlarged front elevational view of the 
receiver of FIG. 1. 
0014 FIG. 3 is an enlarged cross-sectional view taken 
along the line 3-3 of FIG. 1. 
0015 FIG. 4 is an enlarged side elevational view of the 
receiver of FIG. 1. 
0016 FIG. 5 is an enlarged cross-sectional view taken 
along the line 5-5 of FIG. 4. 
0017 FIG. 6 is an enlarged top plan view of the receiver 
of FIG. 1. 
0018 FIG. 7 is an enlarged side elevational view of the 
lower compression insert of FIG. 1. 
(0019 FIG. 8 is a cross-sectional view taken along the line 
8-8. Of FIG. 7. 
0020 FIG. 9 is an enlarged top plan view of the lower 
compression insert of FIG. 1. 
0021 FIG. 10 is an enlarged and partial perspective view 
of the shank, receiver and compression insert of FIG. 1, 
shown assembled. 
0022 FIG. 11 is a second enlarged and partial perspective 
view, similar to FIG. 10. 
0023 FIG. 12 is an enlarged side elevational view of the 
closure structure of FIG. 1. 
0024 FIG. 13 is an enlarged top plan view of the closure 
Structure of FIG. 1. 
0025 FIG. 14 is an enlarged top plan view of the set 
screw of the closure structure of FIG. 1. 
0026 FIG. 15 is an enlarged and exploded front eleva 
tional view of the closure structure of FIG. 1. 
0027 FIG. 16 is an enlarged perspective view of the 
closure structure of FIG. 1 with portions removed to show 
the detail thereof. 
0028 FIG. 17 is an enlarged and partial front elevational 
view of the assembly of FIG. 1 shown in a stage of assembly 
and with portions broken away to show the detail thereof. 
0029 FIG. 18 is an enlarged and partial side elevational 
view of the assembly of FIG. 1 shown fully assembled and 
with a break-off top removed. 
0030 FIG. 19 is a cross-sectional view taken along the 
line 19-19 of FIG. 18. 
0031 FIG. 20 is an enlarged and partial perspective view 
of the assembly of FIG. 1 shown with a bar in lieu of the rod 
shown in FIG. 1 and with portions broken away to show the 
detail thereof. 
0032 FIG. 21 is an enlarged and partial front elevational 
view of the assembly shown in FIG. 20. 
0033 FIG. 22 is an enlarged, partial and exploded per 
spective view of a second, alternative bone screw assembly 
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according to the invention including a bone screw shank, a 
receiver, a retaining structure, a first lower compression 
insert, a second upper compression insert and a closure 
member and shown with a longitudinal connecting member 
in the form of a rod. 
0034 FIG. 23 is an enlarged front elevational view of the 
closure member of FIG. 22. 
0035 FIG. 24 is a cross-sectional view taken along the 
line 24-24 of FIG. 23. 
0036 FIG. 25 is an enlarged top plan view of the closure 
member of FIG. 23. 
0037 FIG. 26 is an enlarged perspective view of the 
upper compression insert of FIG. 22. 
0038 FIG. 27 is an enlarged front elevational view of the 
upper compression insert of FIG. 22. 
0039 FIG. 28 is an enlarged side elevational view of the 
upper compression insert of FIG. 22. 
0040 FIG. 29 is an enlarged and partial cross-sectional 
view of the closure member, similar to FIG. 24 and further 
showing the upper compression insert in front elevation 
prior to attachment to the closure member. 
0041 FIG. 30 is an enlarged and partial cross-sectional 
view of the closure member and front elevational view of the 
upper compression member, similar to FIG. 29, showing the 
upper compression member rotatably attached to the closure 
member. 
0042 FIG. 31 is an enlarged front elevational view of the 
bone screw shank of FIG. 22 with portions broken away to 
show the detail thereof. 
0043 FIG. 32 is an enlarged front elevational view of the 
receiver and retaining structure of FIG. 22 with portions 
broken away to show the detail thereof and further showing 
the retaining structure in phantom in an early step of 
assembly of the bone screw assembly of FIG. 22. 
0044 FIG.33 is an enlarged and partial front elevational 
view of the receiver, the retaining structure and the bone 
screw shank of FIG. 22 with portions broken away to show 
the detail thereof and shown in a step of assembly subse 
quent to that shown in FIG. 32. 
004.5 FIG. 34 is a reduced front elevational view of the 
receiver, the bone screw shank and the retaining structure of 
FIG.22 with portions broken away to show the detail thereof 
and shown with a tool driving the bone screw shank into a 
vertebrae, also with portions broken away to show the detail 
thereof. 
0046 FIG. 35 is an enlarged and partial front elevational 
view of the receiver, bone screw shank, retaining structure 
and lower compression insert of FIG. 22 with portions 
broken away to show the detail thereof and shown with the 
rod illustrated in FIG. 22, also with portions broken away to 
show the detail thereof. 
0047 FIG. 36 is an enlarged and partial front elevational 
view of the assembly of FIG. 22 with portions broken away 
to show the detail thereof and further showing the upper 
compression insert and closure member partially inserted in 
the receiver. 
0048 FIG. 37 is an enlarged and partial front elevational 
view similar to FIG. 36 showing the upper compression 
insert and closure member fully seated in the receiver prior 
to removal of the closure member break-off head. 
0049 FIG. 38 is an enlarged and partial front elevational 
view of the assembly of FIG. 22 with portions broken away 
to show the detail thereof, and further showing the closure 
member break-off head removed. 
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0050 FIG. 39 is an enlarged and partial front elevational 
view of an alternative embodiment according to the inven 
tion, similar to the assembly of FIG. 22, but without the 
upper compression insert, shown assembled, with break-off 
top removed and with portions broken away to show the 
detail thereof and further showing the assembly cooperating 
with a longitudinal connecting member in the form of a bar 
of rectangular cross-section in lieu of the rod shown in FIG. 
22. 
0051 FIG. 40 is an enlarged and partial front elevational 
view of another embodiment according to the invention, 
similar to the assembly of FIG. 22, but with a different 
compression insert, shown assembled with the break-off top 
removed, with portions broken away to show the detail 
thereof and further showing the assembly cooperating with 
a longitudinal connecting member in the form of a bar of 
rectangular cross-section. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0052. 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. It is also 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 bone attachment assem 
blies of the application and cooperating connecting members 
in actual use. 
0053. With reference to FIGS. 1-21, the reference num 
ber 1 generally represents an embodiment of a polyaxial 
bone screw apparatus or assembly according to the present 
invention. The assembly 1 includes a shank 4 that further 
includes a threaded body 6 integral with an upper portion 8: 
a receiver 10; a lower compression insert 12; and a dual 
closure structure, generally 14. The shank 4, receiver 10, and 
compression insert 12 are typically factory assembled prior 
to implantation of the shank body 6 into a vertebra (not 
shown). However, if desirable in certain situations, the 
shank may be implanted into a vertebra first and thereafter 
the receiver threadably connected thereto. 
0054 With further reference to FIG. 1, the closure struc 
ture 14 further includes an outer fastener 18 and an inner set 
screw 20 for engaging a longitudinal connecting member 
Such as a rod 21 having a cylindrical Surface 22 shown in 
FIGS. 1 and 17-19, for example, or a longitudinal connect 
ing member that does not have a circular cross-section, Such 
as the bar 24 having a square or rectangular cross-section 
and planar surfaces 25 shown in FIGS. 20 and 21. The outer 
fastener 18 presses against the compression insert 12 that in 
turn presses upon the shank upper portion 8 which biases the 
portion 8 into fixed frictional contact with the receiver 10, so 
as to fix the rod 21 or the bar 24 relative to the vertebra (not 
shown). The receiver 10 and the shank 4 cooperate in such 
a manner that the receiver 10 and the shank 4 can be secured 
at any of a plurality of angles, articulations or rotational 
alignments relative to one another and within a selected 
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range of angles both from side to side and from front to rear, 
to enable flexible or articulated engagement of the receiver 
10 with respect to the shank 4 until both are locked or fixed 
relative to each other near the end of an implantation 
procedure. The rod 21 or the bar 24 may be advantageously 
manipulated independently of locking the shank 4 with 
respect to the receiver 10 and then ultimately locked into 
place in the receiver 10 by rotation of the set screw 20 into 
direct engagement with the rod 21 or bar 24. Thus, if the rod 
21 or the bar 24 is made from a material such as rubber or 
PEEK, that exhibits any viscoelastic flow or creep, any 
resultant loosening of the rod 21 or the bar 24 with respect 
to the set screw 20 would have no impact on the security of 
the polyaxial locking of the shank 4 with respect to the 
receiver 10 provided by the pressure placed on the polyaxial 
mechanism by the outer fastener 18 through the insert 12. 
0055 With particular reference to FIGS. 1, 18 and 19, the 
shank 4 is elongate, with the shank body 6 having a helically 
wound bone implantable thread 28 extending from near a 
neck 30 located adjacent to the upper portion 8 to a tip 32 
of the body 6 and extending radially outwardly therefrom. 
During use, the body 6 utilizing the thread 28 for gripping 
and advancement is implanted into the vertebra (not shown) 
leading with the tip 32 and driven down into the vertebra 
with an installation or driving tool, so as to be implanted in 
the vertebra to near the neck 30, and as is described more 
fully in the paragraphs below. The shank 4 has an elongate 
axis of rotation generally identified by the reference letter A. 
0056. The neck 30 extends axially upwardly from the 
shank body 6. The neck 30 is of slightly reduced radius as 
compared to an adjacent top 33 of the threaded body 6. 
Further extending axially upwardly from the neck 30 is the 
shank upper portion 8 that provides a connective or capture 
apparatus disposed at a distance from the threaded body top 
33 and thus at a distance from the vertebra when the body 
6 is implanted in the vertebra. 
0057 The shank upper portion 8 is configured for a 
polyaxial connection between the shank 4 and the receiver 
10 and capturing the shank 4 upper portion 8 in the receiver 
10. The neck 30 extends axially upwardly from the shank 
body 6 to a base 34 of the upper portion 8. The upper portion 
8 has an outer partially spherically shaped surface 40 
extending from the base 34 to a planar top portion 42. 
Formed in the top portion 42 is an internal drive mechanism 
44 illustrated as a hex drive. The internal drive 44 is coaxial 
with the shank 4. The drive 44 is sized and shaped for 
engagement with a driving tool (not shown) that is received 
by the drive 44 so as to form a socket and mating projection 
combination for both operably driving and rotating the 
shank body 6 into a vertebra. 
0058. The illustrated base 34 of the portion 8 has a 
smooth surface, but it is foreseen that the base 34 may have 
a high-friction or roughened Surface. Such as a scored or 
knurled surface. Formed on the spherical surface 40 is a 
helical guide and advancement structure 48. The guide and 
advancement structure 48 retains the substantially spherical 
outer shape of the surface 40 at a crest thereof, but may be 
otherwise described as a substantially buttress thread form, 
sized and shaped to mate with a cooperating guide and 
advancement structure 50 disposed on an inner surface 52 of 
the receiver 10 disposed adjacent to and defining an opening 
54 of a lower end or bottom 56 of the receiver 10 (see FIGS. 
2 and 3). Preferably, the guide and advancement structure 48 
is relatively thick and heavy to give strength to the thread 

Jul. 13, 2017 

and prevent the thread from being easily bent or deformed 
when axial pressure is applied to the shank 4 to maintain the 
upper portion 8 in the receiver 10. The guide and advance 
ment structure 48 winds about the spherical surface 40 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 or square threads vary. The guide and 
advancement structure 48 has a leading surface or flank 58 
and a trailing surface or flank 59. As used herein, the terms 
leading and trailing refer to the direction of advancement of 
the upper portion 8 into the guide and advancement structure 
50 of the receiver 10 aligning the axis A of the shank 4 with 
an elongate axis of rotation B of the receiver 10 and 
directing the upper portion 8 toward the receiver 10, as 
shown by the straightarrow C illustrated in FIG.1. Although 
the substantially buttress thread form 48 is described herein, 
it is foreseen that other thread types, such as square threads, 
V-threads, inverted thread types, other thread-like or non 
thread-like guide and advancement structures, such as flange 
form helically wound advancement structures may be uti 
lized according to the invention. 
0059 Advancement of the upper portion 8 into the 
receiver 10 is accomplished by rotating the shank 4 in a 
clockwise or counterclockwise direction about the axes A 
and Band into the receiver 10. A crest surface 60 connecting 
the leading surface 58 and the trailing surface 59 is a loading 
surface after the upper portion 8 is fully disposed in the 
receiver 10. Although discontinuous, the spherical surface 
40 that includes the crest surface 60 has an outer radius that 
is approximately equal to a radius of an inner seating Surface 
of the receiver 10, allowing for slidable mating contact 
between the surface 60 and the inner seating surface of the 
receiver 10. 
0060 An upper portion 62 of the spherical surface 40 
located adjacent to the top planar Surface 42 is advanta 
geously substantially spherical for sliding engagement and 
ultimate positive frictional mating engagement with the 
compression insert 12, when the bone screw assembly 1 is 
assembled, as shown in FIG. 19 and in any alignment of the 
shank 4 relative to the receiver 10. In certain embodiments, 
the surface 62 is smooth. While not required in accordance 
with the practice of the invention, the surface 62 may be 
scored or knurled to further increase frictional positive 
mating engagement between the Surface 62 and the com 
pression insert 12. 
0061 The shank 4 shown in the drawings is cannulated, 
having a small central bore 64 extending an entire length of 
the shank 4 along the axis A. The bore 64 is defined by an 
inner cylindrical wall of the shank 4 and has a circular 
opening at the shank tip 32 and an upper opening commu 
nicating with the internal drive 44. The bore 64 provides a 
passage through the shank 4 interior for a length of wire (not 
shown) inserted into the vertebra (not shown) prior to the 
insertion of the shank body 6, the wire providing a guide for 
insertion of the shank body 6 into the vertebra (not shown). 
0062) To provide a biologically active interface with the 
bone, the threaded shank body 6 may be coated, perforated, 
made porous or otherwise treated. The treatment may 
include, but is not limited to a plasma spray coating or other 
type of coating of a metal or, for example, a calcium 
phosphate; or a roughening, perforation or indentation in the 
shank Surface. Such as by sputtering, sand blasting or acid 
etching, that allows for bony ingrowth or ongrowth. Certain 
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metal coatings act as a scaffold for bone ingrowth. Bio 
ceramic calcium phosphate coatings include, but are not 
limited to: alpha-tri-calcium phosphate and beta-tri-calcium 
phosphate (Cas (PO), tetra-calcium phosphate (CalP.O), 
amorphous calcium phosphate and hydroxyapatite (Cao 
(PO4)(OH)). Coating with hydroxyapatite, for example, is 
desirable as hydroxyapatite is chemically similar to bone 
with respect to mineral content and has been identified as 
being bioactive and thus not only supportive of bone 
ingrowth, but actively taking part in bone bonding. 
0063 Referring to FIGS. 1-6 and 10-11, the receiver 10 
has a generally squared-off U-shaped appearance with a 
partially cylindrical inner profile and a substantially faceted 
outer profile; however, the outer profile could also be of 
another configuration, for example, curved or cylindrical. 
The receiver axis of rotation B, as shown in FIG. 1, is 
aligned with the axis of rotation A of the shank 4 during 
assembly of the receiver 10 with the shank 4 and the insert 
12. After the receiver 10 is pivotally attached to the shank 4, 
and the assembly 1 is implanted in a vertebra (not shown), 
the axis B is typically disposed at an angle with respect to 
the axis A of the shank 4. 

0064. The receiver 10 includes a base 70 integral with a 
pair of opposed Substantially similar or identical upstanding 
opposed arms 72 and 72 forming a squared-off U-shaped 
cradle and defining a channel 76 between the arms 72 and 
72 with an upper opening 77 and a lower seat 78, the 
channel 76 sized and shaped for operably receiving the rod 
21 or the bar 24. Each of the arms 72 and 72 has an interior 
surface 80 and 80', respectively, each having an inner 
cylindrical profile with opposed sloping interlocking flanged 
recesses or tracks 82 and 82 configured to mate under 
rotation with a pair of opposed interlocking flange forms 84 
and 84 on the fastener 18, as described more fully below. 
Each of the tracks 82 and 82 run between and through pairs 
of parallel side surfaces 86 and 86' of respective arms 72 and 
72. With particular reference to FIG. 19, each track 82 and 
82' is defined by a respective lower substantially planar 
surface 88 and 88 running about the respective cylindrical 
interior surface 80 and 80'; a respective outer cylindrical 
surface 90 and 90' running substantially parallel to the 
respective surfaces 80 and 80', and a respective upper 
flanged portion 92 and 92 also running about the respective 
interior surfaces 80 and 80' and having a respective surface 
94 and 94' that extends downwardly (toward the base 70) 
and inwardly (toward the axis B) from the respective surface 
90 and 90'. As best shown in FIG. 5, the tracks 82 and 82 
are substantially identical in form and are located similarly 
on the respective arms 72 and 72 with the exception that 
Such tracks slope in opposite directions, each having a 
higher end disposed near a respective planar stepped or 
lower top surface portion 96 and 96 of the respective arms 
72 and 72 and a lower end disposed near a respective planar 
upper top surface 98 and 98' of the arms 72 and 72'. The 
respective lower surfaces 96 and 96" connected to respective 
upper surface 98 and 98' by respective planar walls or stops 
100 and 100'. The walls or stops 100 and 100' are each 
disposed parallel to the axis B. 
0065 Opposed tool engaging apertures 105 are formed 
on or through surfaces of the arms 72 and 72 that may be 
used for holding the receiver 10 during assembly with the 
shank 4 and the retainer structure 12 and also during the 
implantation of the shank body 6 into a vertebra (not 
shown). It is foreseen that tool receiving grooves or aper 
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tures may be configured in a variety of shapes and sizes and 
be disposed at other locations on the receiver arms 72 and 
72. A pair of opposed spring tabs 106, each having an upper 
body portion integral with a respective arm 72 or 72, and a 
lower insert engaging Surface 110 extending downwardly 
and inwardly from the respective upper body portion. The 
tabs 106 are generally directed towards the axis B and 
extend downwardly away from the guide tracks 82 and 82. 
The lower end surfaces 110 are thus positioned to engage the 
compression insert 12 and hold Such insert in a desired 
position as will be described in greater detail below. The tabs 
106 are typically initially disposed parallel to the axis B and 
then a tool (not shown) is inserted into the aperture 105 from 
outside of the receiver 10 to engage and push the respective 
tab 106, thereby bending the tab 106 inwardly in a direction 
toward the axis B until the tab 106 is at a desired angular 
position, such as is illustrated in FIG. 5. Such bending of the 
tabs 106 may be performed either prior to or after assembly 
of the receiver 10 with the shank 4 and the compression 
insert 12. In the illustrated embodiment, the tabs 106 are 
bent inwardly prior to installation with the components 4 
and 12. It is also foreseen that the tabs 106 may be machined 
or otherwise pre-fabricated to be angled or directed toward 
the axis B So as to engage the insert 12 as shown in the 
drawing figures. The illustrated tabs 106 are resilient, having 
a spring-like nature. Thus, when operatively cooperating 
with the insert 12, the tabs 106 bias against the insert 12, 
holding such insert in a desired position; and yet the tabs 106 
are flexible enough to allow a user to make desired adjust 
ments of the position of the insert 12 within the receiver 10. 
0066. With further reference to FIGS. 1-5, communicat 
ing with and located beneath the channel 76 of the receiver 
10 is a chamber or cavity, generally 112, defined in part by 
an inner substantially cylindrical surface 114 and also the 
lower internal surface 52 previously described herein that 
includes the guide and advancement structure 50 and also 
includes a Substantially spherical seating Surface portion 
116. The cylindrical surface 114 that defines a portion of the 
cavity 112 opens upwardly into the channel 76. The inner 
surface 116 that is located below the surface 114 is sized and 
shaped for mating with the shank upper portion 8 spherical 
surface 40 that includes the crest surfaces 60. 

0067. As described above, the surface portion 116 is part 
of the inner surface 52 that includes the opening 54. The 
opening 54 communicates with both the cavity 112 and the 
receiver lower exterior or bottom 56 of the base 70. The 
opening 54 is Substantially coaxially aligned with respect to 
the rotational axis B of the receiver 10. The opening 54 is 
also sized and shaped to be smaller than an outer radial 
dimension of the shank upper portion 8 after the portion 8 
has been threadably rotated through the opening 54, so as to 
form a restriction to prevent the portion 8 from passing 
through the cavity 112 and out into the lower exterior 56 of 
the receiver 10 during operation thereof. 
0068. With particular reference to FIGS. 1 and, 7-11 and 
19, the compression insert 12 is sized and shaped to be 
received by and downloaded into the receiver 10 through the 
opening 77. In operation, a portion of the insert 12 is 
disposed between the rod 21 or the bar 24 and the upper 
portion 8 of the bone screw 4 as illustrated, for example, in 
FIG. 19. In operation, the closure structure 14 outer fastener 
18 presses directly upon the insert 12 that in turn presses 
upon the shank upper portion 8, pressing the upper portion 
8 against the seating surface portion 116 of the receiver 10, 
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resulting infrictional engagement and locking of the angular 
position of the bone screw shank 4 with respect to the 
receiver 10 while allowing for further manipulation of the 
rod 21 or bar 24 until such rod or bar is locked into place by 
engagement with the inner set Screw 20. The compression 
insert 12 has an operational central axis D that is the same 
as the central axis B of the receiver 10. 

0069. With particular reference to FIGS. 7-9, the com 
pression insert 12 has a central channel or through bore 
substantially defined by an inner cylindrical surface 120 and 
an inner partially spherical Surface 122, both having the 
central axis D. The compression insert 12 through bore is 
sized and shaped to receive a driving tool (not shown) 
therethrough that engages the shank drive feature 44 when 
the shank body 6 is driven into bone. The surface 122 is 
sized and shaped to cooperate with the spherical surface 62 
of the shank upper portion 8 such that the surface 122 
slidingly and pivotally mates with the spherical surface 62. 
The Surface 122 may include a roughening or Surface finish 
to aid in frictional contact between the surface 122 and the 
Surface 62, once a desired angle of articulation of the shank 
4 with respect to the receiver 10 is reached. 
0070 The compression insert 12 also includes a pair of 
arms 124 with a squared-off U-shaped surface or saddle 126 
formed therebetween. The saddle 126 defines a channel that 
communicates with the bore defined by the cylindrical 
surface 120 and the spherical surface 122. The saddle 126 is 
Substantially defined by a pair of planar opposed parallel 
surfaces 128 and a planar bottom or seating surface 130, the 
surfaces 128 and 130 being sized and shaped to closely 
receive the cylindrical rod 21 or the bar 24 planar surfaces 
25. The saddle 126 extends from top surfaces 132 to the 
bottom seating Surface 130. A base having an outer cylin 
drical surface 134 is disposed between the saddle 126 and an 
annular bottom surface 135. The cylindrical surface 134 also 
extends about the arms 124. Formed in the surface 124 and 
located centrally with respect to each arm 124 outer cylin 
drical surface is a shallow groove 136 having a substantially 
flat surface. In the illustrated embodiment a surface portion 
137 disposed adjacent to each groove 136 and located 
between such groove 136 and the bottom surface 135 
includes a plurality of ridges or other roughened surface 
features. The grooves 136 are sized and shaped to cooperate 
with the tabs 106 of the receiver 10 as will be described in 
greater detail below. The roughened surface portions 137 
further cooperate with the tabs 106 to frictionally check or 
otherwise prohibit relative movement between the tabs 106 
and such surfaces 137 during assembly and operation of the 
assembly 1. The grooves 136 may be of any shape, but are 
preferably elongate with the flat surface running parallel to 
the axis D and having a width that receives the respective tab 
106. The illustrated bottom surface 135 is substantially 
planar and annular and disposed perpendicular to the axis D. 
Formed on the planar side surfaces 128 and also formed into 
the top surface 132 are a pair of opposed recesses 138, each 
recess having a cylindrical Surface 140 running parallel to 
the axis D and a planar bottom surface 141 disposed 
perpendicular to the axis D. The recesses 138 are sized and 
shaped to provide clearance for the inner set screw 20 of the 
closure structure 14 as the set screw 20 is rotated down into 
engagement with the rod 21 or the bar 24 as will be 
described in greater detail below. 
0071. The compression or pressure insert 12 ultimately 
seats on the shank upper portion 8 and is disposed Substan 
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tially in the upper cylindrical portion 114 of the cavity 112, 
with the tabs 106 engaging the insert 12 at the grooves 136, 
thereby holding the insert 12 in a desired alignment within 
the receiver 10 as will be described in greater detail below. 
In operation, the insert 12 extends at least partially into the 
receiver channel 76 Such that the saddle 126 surface sub 
stantially contacts and engages the outer Surface 22 of the 
rod 21 (or one of the planar surfaces 25 of the bar 24) when 
such rod or bar is placed in the receiver 10, keeping the rod 
or bar in spaced relation with the receiver 10 lower seating 
Surface 78. 

0072 FIGS. 1 and 12-16 illustrate the nested closure 
structure or closure top 14 that includes the outer fastener 18 
and the uploaded inner set screw 20 that are coaxial along a 
central axis E that in operation is the same as the axis B of 
the receiver 10. The fastener 18 further includes a base 146 
integral or otherwise attached to a break-off head 148. The 
base 146 cooperates with the receiver 10 to capture the rod 
21 or the bar 24 (or any other longitudinal connecting 
member) within the bone screw receiver 10. The break-off 
installation head 148 is in the form of a hex-shaped external 
drive feature having six planar surfaces 150 sized and 
shaped for engagement with a socket tool (not shown) for 
installing the fastener 14 to the bone screw receiver 10 and 
thereafter separating the break-off head 148 from the respec 
tive base 146 when installation torque exceeds selected 
levels. A through slot 151 formed in a top surface 152 of the 
break-off head 148 and disposed perpendicular to the axis E 
may also be utilized to manipulate and/or rotate the closure 
14. A through-bore 154 extends along the axis E completely 
through the fastener 18 from the top surface 152 of the 
break-off head 148 to a bottom surface 156 of the base 146. 
As illustrated in FIG. 13, the portion of the bore 154 running 
through the break-off head 148 is sized and shaped to receive 
and provide some clearance around a tool (not shown) 
engaging an inner drive 158 of the inner set screw 20. 
(0073. The base 146 of the fastener 18 is substantially 
cylindrical, having an external surface 160. The flange forms 
84 and 84 project substantially radially and oppositely from 
the surface 160 near the bottom surface 156. A pair of 
opposed substantially flat wing members 164 and 164' also 
extend radially from the surface 160 and are located near a 
top surface 166 of the base 146. The flanges 84 and 84' are 
sized and shaped to slidingly mate with respective lower 
surfaces 88 and 88, cylindrical surfaces 90 and 90' and 
flanged portions 92 and 92 of the respective tracks 82 and 
82 of the receiver 10. Inwardly facing surfaces 168 and 168 
of the respective flanges 84 and 84 slidingly cooperate and 
engage the flanged portions 92 and 92', respectively, to 
provide an interlocking relationship between the fastener 18 
and the receiver arms 72 and 72 and are thus splay resistant 
and do not exert radially outward forces on the arms of the 
receiver 10, thereby avoiding tendencies toward splaying of 
the receiver arms when the fastener 18 is tightly torqued into 
the receiver 10. The wing members 164 and 164' are 
plate-like with upper and lower parallel substantially planar 
surfaces. The wing members 164 and 164' are sized and 
shaped to slidingly mate with respective step surfaces 96 and 
96 of the receiver 10 and abut against respective surfaces 
100 and 100' when the flanges 84 and 84' are rotated into a 
final fixed frictional engagement with respective tracks 82 
and 82 as illustrated, for example, in FIGS. 19 and 20. 
0074 At the fastener base 146 the bore 154 is substan 

tially defined by a guide and advancement structure shown 
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in the drawing figures as an internal V-shaped thread 176. 
The thread 176 is sized and shaped to receive the threaded 
set screw 20 therein as will be discussed in more detail 
below. Although a traditional V-shaped thread 176 is shown, 
it is foreseen that other types of helical guide and advance 
ment structures may be used. Near a top of the base 146, an 
abutment shoulder 178, extends uniformly radially inwardly. 
The abutment shoulder 178 is spaced from the V-shaped 
thread 176 and sized and shaped to be a stop for the set screw 
20, prohibiting the set screw 20 from advancing upwardly 
out of the base 146. It is foreseen that alternatively, the set 
screw may be equipped with an outwardly extending abut 
ment feature near a base thereof, with complimentary altera 
tions made in the fastener base 146, such that the set screw 
20 would be prohibited from advancing upwardly out of the 
top of the base 146 due to abutment of such outwardly 
extending feature against a surface of the base 146. 
0075 An inner cylindrical wall 180 separates the abut 
ment shoulder 178 from the thread 176. The cylindrical wall 
180 has a diameter equal to or slightly greater than a root or 
major diameter of the internal thread 176. The wall 180 
partially defines a cylindrical space or passage for axial 
adjustable placement of the screw 20 with respect to the 
longitudinal connecting member 21 or 24. 
0076. The fastener break-off head 148 is integral or 
otherwise attached to the fastener base 146 at a neck or 
weakened region 182. The neck 182 is dimensioned in 
thickness to control the torque at which the break-off head 
148 separates from the fastener base 146. The preselected 
separation torque of the neck 182 is designed to provide 
secure engagement between the fastener base 146 and the 
lower compression insert 12 that in turn presses against the 
shank upper portion 8, clamping the shank 4 in a desired 
angular orientation with respect to the receiver 10. The 
fastener 18 captures the longitudinal connecting member 21 
or 24 within the receiver 10 before the head 148 separates, 
by abutting against the lower compression insert 12 without 
making contact with the rod 21 or the bar 24. For example, 
120 inch pounds of force may be a selected break-off torque 
to lock the bone screw shank in place without placing any 
pressure on the rod 21 or the bar 24. Separation of the 
break-off head 148 leaves only the more compact base 146 
of the fastener 18 installed in the bone screw receiver 10, so 
that the installed fastener 18 has a low profile. As will be 
described in greater detail below, the set screw 20 may then 
be rotated and moved downwardly into secure engagement 
with the rod 21 or the bar 24. Thus, if the rod 21 or bar 24 
experiences viscoelastic flow and the engagement between 
the screw 20 and the rod 21 or bar 24 is loosened, such 
loosening will not loosen frictional engagement between the 
fastener base 146, the insert 12, the shank upper portion 8 
and the surface 116 of the receiver 10. 
0077. The uploadable set screw 20 has a substantially 
annular and planar top 186 and a Substantially annular and 
planar bottom 187. The screw 20 is substantially cylindrical 
in shape and coaxial with the fastener 18. The screw 20 
includes an outer threaded cylindrical surface 188 extending 
from the top 186 to the bottom surface 187. The V-shape 
thread of the surface 188 is sized and shaped to be received 
by and mated with the inner thread 176 of the fastener base 
146 in a nested, coaxial relationship. 
0078. As illustrated, for example, in FIGS. 13, 14 and 19, 
the set screw 20 includes a central aperture or drive 190 
formed in the top 186 and sized and shaped for a positive, 
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non-slip engagement by a set screw installment and removal 
tool (not shown) that may be inserted through the bore 154 
of the fastener 18 and then into the drive aperture 190. With 
particular reference to FIGS. 16, 17 and 19, the central set 
screw aperture 190 cooperates with the central internal bore 
154 of the fastener 18 for accessing and uploading the set 
screw 20 into the fastener 18 prior to engagement with the 
bone screw receiver 10. After the closure structure 14 is 
inserted and rotated into the tracks 82 and 82 of the bone 
screw receiver 10, and the break-off head 148 is broken off, 
the set screw 20 is rotated by a tool engaging the drive 
feature 190 to place the set screw bottom 187 into frictional 
engagement with the rod 21 or the bar 24. Such frictional 
engagement is therefore readily controllable by a Surgeon So 
that rod 21 or the bar 24 may be readily manipulated until 
late in the Surgery, if desired. Thus, at any desired time, the 
set screw 20 may be rotated to drive the screw 20 into fixed 
frictional engagement with the rod 21 or the bar 24 without 
varying the angular relationship between the receiver 10 and 
the bone screw shank 4. 

(0079. It is foreseen that the set screw 20 may further 
include a cannulation through bore extending along a central 
axis thereof for providing a passage through the closure 14 
interior for a length of wire (not shown) inserted therein to 
provide a guide for insertion of the closure top into the 
receiver arms 72 and 72. 

0080. The elongate longitudinal connecting member that 
are illustrated in this application include the cylindrical rod 
21 and the bar 24 of square or other rectangular cross 
section. A variety of shapes are possible, including but not 
limited to rods or bars of oval or other curved or polygonal 
cross-section. Furthermore, the rod 21 or bar 24 may be a 
component of a dynamic stabilization connecting member, 
with the cylindrical or bar-shaped portions sized and shaped 
for being received by the insert saddle 126 also being 
integral or otherwise fixed to a more flexible, bendable or 
damping component that extends between adjacent pairs of 
bone screw assemblies 1. Such a rod or bar component may 
be made from a variety of materials including metal, metal 
alloys or other Suitable materials, including, but not limited 
to plastic polymers such as polyetheretherketone (PEEK), 
ultra-high-molecular weight-polyethylene (UHMWP), poly 
urethanes and composites, including composites containing 
carbon fiber, as well as resorbable materials, such as poly 
lactic acids. 

I0081. With particular reference to FIGS. 1 and 17, prior 
to the polyaxial bone screw assembly 1 being placed in use 
according to the invention, the shank upper portion is 
pre-loaded by insertion or bottom-loading into the receiver 
10 through the opening 54. The upper portion 8 is aligned 
with the receiver 10, with the axes A and B aligned so that 
the buttress thread 48 of the upper portion 8 is inserted into 
and rotatingly mated with the guide and advancement struc 
ture 50 on the receiver 10. The shank 4 is rotated in a 
clockwise or counter-clockwise direction to fully mate the 
structures 48 and 50, and the rotation is continued until the 
thread 48 disengages from the thread 50 and the upper 
portion 8 is fully disposed in the receiver cavity 112. The 
shank upper portion 8 is thus in a slidable and rotatable 
engagement with the receiver 10, while the upper portion 8 
is maintained in the receiver 10 with the shank body 6 in 
pivotal or swivelable relation with the receiver 10. The 
shank body 6 can be pivoted or rotated through a substantial 
angular rotation relative to the receiver 10, both from side to 
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side and from front to rear so as to Substantially provide a 
universal or ball joint. The discontinuous spherical Surface 
40 defined by the crest surface 60 is in slidable engagement 
with the receiver spherical seating surface 116. 
0082. The compression or pressure insert 12 is then 
inserted or top loaded into the upper opening 77 of the 
channel 76 of the receiver 10 with the bottom Surface 135 
facing the top surface 42 of the shank upper portion 8 and 
the arms 124 aligned with the arms 72 and 72 of the receiver 
10. As the insert 12 is moved downwardly toward the cavity 
112, the tabs 106 are received in respective grooves 136. The 
tabs 106 press against the insert 12 at the grooves 136, 
allowing for Some upward and downward adjustment of the 
insert 12. However, rotation of the insert 12 about the 
receiver axis B is prohibited by the tabs 106 abutting against 
cylindrical Surfaces of the arms 124 and upward movement 
of the insert 12 out of the grip of the tabs 106 is further 
prohibited by the ridges of the surface portion 137. Ridges 
defining the surface portion 137 located at the lower curved 
portion of the grooves 136 also prohibit the tabs 106 from 
sliding along the outer cylindrical surface of the base 134, 
thus resisting upward movement of the insert 12 out of the 
receiver 10. As illustrated in FIG. 19, the insert 12 seats on 
the shank upper portion 8 with the surface 122 in sliding 
engagement with the Surface 62. The bone screw is typically 
factory assembled with the insert 12 as shown in FIGS. 10 
and 11. 

0083. In use, the bone screw with assembled insert 12 (as 
shown in FIGS. 10 and 11) is typically screwed into a bone, 
such as a vertebra (not shown), by rotation of the shank 4 
using a driving tool (not shown) that operably drives and 
rotates the shank 4 by engagement thereof with the internal 
drive 44. The vertebra (not shown) may be pre-drilled to 
minimize stressing the bone and have a guide wire (not 
shown) that is shaped for the cannula 64 and inserted to 
provide a guide for the placement and angle of the shank 4 
with respect to the vertebra. A further tap hole may be made 
using a tap with the guide wire as a guide. Then, the 
assembly 1 is threaded onto the guide wire utilizing the 
cannulation bore 64 by first threading the wire into the 
bottom opening 32 and then out of the top at the internal 
drive 44. The shank 4 is then driven into the vertebra, using 
the wire as a placement guide. 
I0084. With reference to FIGS. 15 and 16, prior to implan 
tation of the fastener 14 into the receiver 10, the set screw 
20 is inserted into the base 146 of the outer fastener 18 at the 
bore 154 that opens to the bottom surface 156. The screw 20 
is rotated and drawn upwardly toward the top surface 166 of 
the base 146, mating the threaded surface 188 with the 
fastener inner thread 176. Initially, the screw 20 is rotated 
until the screw 20 is disposed entirely within the fastener 18 
with the top surface 186 of the screw 20 being closely 
adjacent to or in contact with the abutment shoulder 178 as 
illustrated in FIG. 16. 

0085. With reference to FIG. 17, the rod 21 or other 
longitudinal connecting member, such as the bar 24 shown 
in FIGS. 20 and 21, is eventually positioned in an open or 
percutaneous manner within the receiver channel 76, and the 
closure structure 14 is then inserted into the receiver 10 by 
placing the flange forms 84 and 84 between the arms 72 and 
72 followed by aligning the forms 84 and 84 with the 
respective tracks 82 and 82 of the receiver 10. Such align 
ment also aligns the opposed wing members 164 and 164 
with the respective upper step surfaces 96 and 96". With 
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reference to FIG. 17, the closure structure is then rotated 
about the axis B to mate the flange forms 84 and 84 with the 
tracks 82 and 82. Alignment of the rod surface 22 or the bar 
surfaces 25 with respect to the receiver channel 76 and the 
saddle 126 of the insert 14 is initially provided and then 
maintained by pressure placed at the insert grooves 136 by 
the tabs 106. The closure fastener 14 is rotated, using a tool 
engaged with the break-off head 148 hex drive 150 until a 
selected pressure is reached at which point the head 148 
separates from the fastener base 146. Also with reference to 
FIG. 17, at this time, the set screw 20 is still entirely 
disposed within the base 146 and does not engage the rod 21 
or the bar 24. However, the outer fastener 18 is in engage 
ment with the insert 12 at the top surface 132 of the arms 
124, placing the insert 12 Surface 122 into frictional engage 
ment with the surface 62 of the shank upper portion 8 that 
in turn places the upper portion 8 into frictional engagement 
with the surface 116 of the receiver 10, locking the shank 4 
with respect to the receiver 10 in a desired angle with respect 
thereto. For example, about 80 to about 120 inch pounds 
pressure may be required for removing the break-off head 
148 and fixing the bone screw shank 4 with respect to the 
receiver 10. 

I0086. With reference to FIG. 19, the rod 21 (or bar 24) is 
eventually locked into place by utilizing a tool (not shown) 
inserted into the bore 154 and into engagement with the set 
screw inner drive 158. The tool is used to rotate the set screw 
20 and drive the screw 20 downwardly until the surface 187 
is infrictional engagement with the rod 21 surface 22 (or the 
bar 24 surface 25). With reference to FIGS. 17 and 19, as the 
screw 20 advances downwardly toward the rod surface 22, 
the screw 20 remains in spaced relation with the insert 12 
with the recessed portions 138 of the insert 12 providing 
clearance for such downward advancement of the screw 20. 
Thus, when the screw 20 is pressing firmly against the rod 
21, the screw 20 does not make contact with any portion of 
the insert 12. Only the rod 21 (or bar 24) is pressed into 
frictional engagement with the seating surface 130 of the 
insert 12. FIGS. 20 and 21 also illustrate that the set screw 
20 may be rotated and driven downwardly into contact with 
the bar 24 (or the rod 21), if desired, prior to final torquing 
of the fastener 14 and removal of the break-off head 148. 

I0087 As discussed above, if the frictional engagement 
between the set screw 20 and the rod 21 (or the bar 24) 
eventually loosens due to creep or other viscoelastic flow of 
the rod 21 (or bar 24), such loosening will not in turn loosen 
the lock between the receiver 10 and the bone screw shank 
4. Therefore, the dual closure 14 advantageously allows for 
the use with a variety of longitudinal members made from a 
wide range of materials. As illustrated in FIGS. 20 and 21, 
the assembly 1 advantageously cooperates with both cylin 
drical rods and with bars of square or rectangular cross 
section, such as the bar 24 of Substantially square cross 
section. The bar 24 made from PEEK, for example, provides 
for some dynamic, flexible support and yet due to the 
geometry thereof provides greater Support with respect to 
torsional forces, for example, than would a cylindrical 
PEEK rod. However, whether greater or lesser stability is 
required, the squared-off channel provided by the insert 12 
allows for the easy Substitution of connecting members of 
round, square, rectangular or other cross-sectional shape. 
I0088. It is noted that in certain embodiments according to 
the invention, a second pressure insert may be located 
between the set screw 20 and the rod 21 or bar 24. Further 
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more, the rod 21 or the bar 24 may include a central through 
bore or lumen (not shown) allowing for threading of Such 
rod or bar and implantation in a percutaneous or less 
invasive procedure. 
I0089. If removal of the rod 21 or bar 24 from any of the 
bone screw assemblies 1 is necessary, or if it is desired to 
release the rod 21 or bar 24 at a particular location, such is 
accomplished by using the driving tool (not shown) that 
mates with the internal drive 158 on the set screw 20 to 
rotate and first loosen the rod 21 or bar 24 from the receiver 
10. Continued rotation of the set screw 20 causes the set 
screw 20 to contact the abutment shoulder 178 and thereafter 
further rotation causes the outer fastener 18 to disengage 
from the flange tracks 82 and 82 of the receiver 10, thus 
removing the entire closure structure 14 from the cooperat 
ing receiver 10. Disassembly is then accomplished in 
reverse order to the procedure described previously herein 
for assembly. 
0090. With reference to FIGS. 22-40, the reference 
numeral 201 generally designates an alternative polyaxial 
bone screw assembly according to the invention for use with 
the rod 21 or the bar 24 previously described herein with 
respect to the assembly 1 and also with a variety of rigid or 
dynamic stabilization longitudinal connecting member 
assemblies. The bone screw assembly 201 is substantially 
similar to the bone screw assembly 401 disclosed in Appli 
cant's US Patent Publication No. 2007/0055244, published 
Mar. 8, 2007 (U.S. patent application Ser. No. 11/522,503 
filed Sep. 14, 2006) and incorporated by reference herein 
(hereafter the 244 publication) and illustrated in FIGS. 
22-34 therein. There are a few exceptions, however, includ 
ing a preferred polyaxial bone screw shank and retainer 
connection that allows for the lower pressure insert to 
exclusively directly frictionally engage the bone screw 
shank rather than pressing upon the retainer that is thread 
ably attached to the shank and configured for polyaxial 
motion with respect to the receiver; the addition of receiver 
spring tabs for holding the lower pressure insert in align 
ment; and squared-off channels formed by the receiver and 
the lower pressure insert for closely receiving connecting 
members of rectangular cross-section as well as cylindrical 
members, all of which will be described in greater detail in 
the following paragraphs. 
0091. The bone screw assembly 201 of the present inven 
tion includes a shank 204 that further includes a body 206 
integral with an upwardly extending, Substantially cylindri 
cal upper portion or capture structure 208 operationally 
disposed primarily within a receiver 210. The shank 204 is 
similar to the shank 414 disclosed in the 244 publication in 
that the body 206 includes a helical thread 211 for attach 
ment to a vertebrae. The assembly 201 further includes a 
retainer in the form of a retaining and articulating structure 
212 that is similar but not identical to the retainer disclosed 
in the 244 publication. The shank upper portion 208 also 
includes a Substantially spherically shaped upper or top 
surface 213 sized and shaped to slidingly mate with a lower 
spherical surface of a lower pressure insert 214. Therefore, 
unlike the bone screw disclosed in the 244 publication, the 
pressure insert 214 operationally presses directly against the 
shank upper portion 208 and not the retainer 212. The shank 
204, the receiver 210, the retaining and articulating structure 
212 and the first or lower compression insert 214 are 
preferably assembled prior to implantation of the shank 
body 206 into a vertebra. The shank body may include a 
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cannulation bore 264 similar inform and function to the bore 
64 of the shank 4 of the assembly 1. 
0092. With particular reference to FIGS. 22 and 31-35, 
the shank upper portion 208 further includes a substantially 
cylindrical portion 215 having a helical thread 216 thereon, 
the portion 215 disposed adjacent to the spherical surface 
213 and extending along an axial length thereof. The 
threaded cylindrical portion 215 flares or widens outwardly 
near an end 217 thereof into a portion 218 of slightly greater 
diameter than a remainder of the cylindrical portion 215. 
The thread 216 or other helically wound guide and advance 
ment structure is sized and shaped to mate with an inner 
portion 220 of the retainer 212 having a thread 221 or other 
helically wound guide and advancement structure. The 
upper portion 208 further includes a top surface 222 having 
an internal drive 223 formed therein for engaging with a 
driving tool (not shown) for rotating the shank 204 and 
driving the shank 204 into a vertebra (not shown). When the 
retainer 212 is mated with the shank upper portion 208, an 
outer substantially spherical surface 224 of the retainer 212 
is in sliding engagement with an inner Substantially spheri 
cal seating surface 228 of the receiver 210 as described 
previously herein with respect to the upper portion 8 and the 
seating surface 116 of the assembly 1. The retainer 212 
further includes a sloped or frusto-conical top surface 225 
located between the inner threaded surface 220 and the outer 
spherical surface 224. In some embodiments of the inven 
tion the top surface 225 may be planar. With particular 
reference to FIG. 35, the sloped surface 225 advantageously 
provides for additional clearance between the retainer 212 
and the lower pressure insert 214, ensuring that the insert 
214 engages only the bone screw shank at the Surface 213 
and not any portion of the retainer 212. 
(0093. With particular reference to FIGS. 23-30, the 
assembly 201 further includes an upper insert 226 and a 
closure structure, generally 230, having an outer fastener 
232 and an uploaded inner set screw 234. The outer fastener 
232 includes a base 236 integral or otherwise attached to a 
break-off head 238. The base 236 cooperates with the 
receiver 210 to capture the rod 21 or the bar 24 within the 
bone screw receiver 210. The break-off installation head 238 
includes an internal drive or aperture 240 sized and shaped 
for engagement with a tool (not shown) for installing the 
fastener 232 to the bone screw receiver 210 and thereafter 
separating the break-off head 238 from a respective base 236 
when installation torque exceeds selected levels. 
(0094. The base 236 of the fastener portion 232 is sub 
stantially cylindrical, having an axis of rotation G and an 
external Surface 250 having a guide and advancement struc 
ture 252 disposed thereon. The guide and advancement 
structure 252 is matingly attachable to a guide and advance 
ment structure 253 of the bone screw receiver 210. The 
cooperating guide and advancement structures 252 and 253 
can be of a variety of types, including, but not limited to 
buttress threads, reverse angle threads, or square threads, 
and are preferably helically wound flange forms that inter 
lock and are splay resistant, and thus do not exert radially 
outward forces on the arms of the receiver 210, thereby 
avoiding tendencies toward splaying of the receiver arms 
when the fastener portion 232 is tightly torqued into the 
receiver 210. 

0.095 The fastener portion 232 includes an internal, cen 
trally located bore 254. At the base 236, the bore 254 is 
Substantially defined by a guide and advancement structure, 
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shown in FIG. 24 as an internal V-shaped thread 256. The 
thread 256 is sized and shaped to receive the threaded set 
screw 234 therein as will be discussed in more detail below. 
Although a traditional V-shaped thread 256 is shown, it is 
foreseen that other types of helical guide and advancement 
structures may be used. Near a top of the base 236, an 
abutment shoulder 260, extends uniformly radially inwardly. 
The abutment shoulder 260 is spaced from the V-shaped 
thread 256 and sized and shaped to be a stop for the set screw 
234, prohibiting the set screw 234 from advancing upwardly 
out of the base 236. It is foreseen that alternatively, the set 
screw may be equipped with an outwardly extending abut 
ment feature near a base thereof, with complimentary altera 
tions made in the fastener base 236, such that the set screw 
234 would be prohibited from advancing upwardly out of 
the top of the base 236 due to abutment of such outwardly 
extending feature against a surface of the base 236. 
0096. An inner cylindrical wall 262 separates the abut 
ment shoulder 260 from the thread 256. The cylindrical wall 
262 has a diameter equal to or slightly greater than a root or 
major diameter of the internal thread 256. The wall 262 
partially defines a cylindrical space or passage 264 for axial 
adjustable placement of the screw 234 with respect to the 
longitudinal connecting member 21 or 24. 
0097. The fastener break-off head 238 is integral or 
otherwise attached to the fastener 232 at a neck or weakened 
region 266. The neck 266 is dimensioned in thickness to 
control the torque at which the break-off head 238 separates 
from the fastener 232. The preselected separation torque of 
the neck 266 is designed to provide secure engagement 
between the fastener 232 and the lower compression struc 
ture or insert 214 that in turn presses directly against the 
shank upper portion 208 that is threadably mated to the 
retainer 212, pressing the retainer 212 against the receiver 
210 and thus clamping the shank 204 in a desired angular 
orientation with respect to the receiver 210 and the rod 21 or 
the bar 24. The fastener 232 thus captures the longitudinal 
connecting member 21 or 24 within the receiver 210 before 
the head 238 separates, by abutting against the lower com 
pression member 214 without making contact with the rod 
21 or the bar 24. For example, 120 inch pounds of force may 
be a selected break-off torque to lock the bone screw shank 
in place without placing any pressure on the rod 21 or the bar 
24. The illustrated internal driving feature 240 of the break 
off head 238 enables positive, non-slip engagement of the 
head 238 by an installation and torquing tool. Separation of 
the break-off head 238 leaves only the more compact base 
236 of the fastener 232 installed in the bone screw receiver 
210, so that the installed fastener 232 has a low profile. As 
will be described in greater detail below, the set screw 234 
may then be rotated and moved downwardly into secure 
engagement with the rod 21 or the bar 24. 
0098. The base 236 of the fastener 232 includes a planar 
bottom surface 268 disposed substantially perpendicular to 
the axis G for abutting the top surfaces 269 of arms of the 
compression insert 214. However, the bottom surface may 
also be ramped or inclined as described in the 244 publi 
cation (with cooperating ramped Surface on the insert 214). 
0099. The uploadable set screw 234 has a substantially 
annular and planar top 276 and a Substantially annular and 
planar bottom 277. The screw 234 is substantially cylindri 
cal in shape and coaxial with the fastener 232. The screw 
234 includes an outer cylindrical surface 278 disposed near 
the bottom 277 and a threaded surface 280 extending from 
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the top 276 to the cylindrical surface 278. The V-shaped 
thread 280 is sized and shaped to be received by and mated 
with the inner thread 256 of the fastenerbase 236 in a nested, 
coaxial relationship. 
0100. As illustrated, for example, in FIGS. 24 and 25, the 
set screw 234 includes a central aperture 286 formed in the 
top 276 and defined by side walls 288 that define a driving 
feature similar to but of smaller dimensions than the driving 
feature 240 of the fastener 232. The driving feature further 
includes a seating Surface or bottom 289, aiding in a 
positive, non-slip engagement by a set Screw installment and 
removal tool (not shown) that may be inserted through the 
aperture formed by the driving feature 240 of the fastener 
232 and then into the aperture 286 and into engagement with 
the walls 288 defining the set screw driving feature. A lower 
central aperture or bore 290 extends between the central 
aperture 286 and the bottom 277 of the set screw 234. The 
bore 290 is sized and shaped to receive and hold an upper 
portion of the upper compression structure 226 as will be 
described more fully below. 
0101. With further reference to FIG. 24, the central set 
screw aperture 286 cooperates with the central internal bore 
254 of the fastener 232 for accessing and uploading the set 
screw 234 into the fastener 232 prior to engagement with the 
bone screw receiver 220. After the closure structure 230 is 
inserted and rotated in the bone screw receiver 210, and the 
break-off head 238 is broken off, the set screw 234 is rotated 
by a tool engaging the drive feature walls 288 to place the 
set screw bottom 277 into frictional engagement with the rod 
21 or bar 24. 

0102 There are circumstances under which it is desirable 
or necessary to release the longitudinal connecting member 
21 or 24 from the bone screw assembly 201. For example, 
it might be necessary for a Surgeon to re-adjust components 
of a spinal fixation system, including the longitudinal con 
necting member 21 or 24, during an implant procedure, 
following an injury to a person with Such a system 
implanted. In such circumstances, the tool that engages and 
rotates the set screw 234 at the driving feature 288 may be 
used to remove both the set screw 234 and attached fastener 
base 236 as a single unit, with the set screw 234 contacting 
and contained within the base 236 by the abutment shoulder 
260. Thus, rotation of the set screw tool engaged with the set 
screw 234 backs both the set screw 234 and the fastener base 
236 out of the guide and advancement structure 253 in the 
receiver 210, thereby releasing the longitudinal connecting 
member 21 or 24 for removal from the bone screw receiver 
210 or repositioning of the longitudinal connecting member 
21 or 24. It is foreseen that other removal structures such as 
side slots or other screw receiving and engagement struc 
tures may be used to engage the set screw 234 that is nested 
in the fastener base 236. 

(0103 With particular reference to FIGS. 22 and 35-37, 
the lower compression insert 214 includes a substantially 
cylindrical body 310 integral with a pair of upstanding arms 
312. The body 310 and arms 312 form a generally squared 
off U-shaped, open, through-channel 314 with planar side 
surfaces 315 disposed perpendicular to a planar bottom 
seating surface 316, the channel 314 and seating surface 316 
sized and shaped to receive either the rod 21 or the planar 
surfaces 25 of the bar 24. In the illustrated embodiment, the 
channel surfaces 315 do not closely receive the rod 21 and 
as will be described below, the rod 21 is held substantially 
centrally in place by the upper compression insert 226. 
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However, in other embodiments according to the invention, 
the lower insert may be sized and shaped to closely receive 
the rod 21 as well as the bar 24 as shown in FIG. 34. The 
arms 312 of the inert 214 disposed on either side of the 
channel 314 each include a top flanged portion 318, each 
portion 318 including the planar top surface 269 previously 
described herein, sized and shaped to engage the Surface 268 
of the fastener 232. The compression insert 214 further 
includes a bottom surface 320 and a substantially cylindrical 
outer surface 322. An inner cylindrical wall 324 defining a 
central through-bore extends along a central axis of the 
compression structure 214 and extends between the seating 
surface 316 and a substantially spherical surface 326. The 
surface 326 extends between the inner cylindrical wall 324 
and the bottom surface 320. The surface 326 is substantially 
similar to the spherical surface 122 of the compression insert 
12 previously described herein, the surface 326 being sized 
and shaped to frictionally engage and mate with the upper 
spherical surface 213 of the shank upper portion 208. 
0104. The cylindrical surface 322 has an outer diameter 
slightly Smaller than a diameter between crests of the guide 
and advancement structure 253 of the receiver 210 allowing 
for top loading of the compression insert 214. During top 
load installation, the top surface portions 318 disposed on 
each of the upstanding arms 312 are inserted into the channel 
between the receiver 210 upstanding arms and then the 
insert 214 is rotated about the axis F with the portion 318 
sized and shaped to be received into a run-out or recess 
located beneath the guide and advancement structure 253. 
The receiver 210 fully receives the lower compression insert 
214 and blocks the insert 214 from spreading or splaying in 
any direction. It is noted that assembly of the shank 204 and 
the retainer 212 within the receiver 210, followed by inser 
tion of the lower compression insert 214 into the receiver 
210 are assembly steps typically performed at the factory, 
advantageously providing a Surgeon with a polyaxial bone 
screw with the lower insert firmly snapped into place and 
thus ready for insertion into a vertebra. The through-channel 
314 is sized and shaped such that the upper compression 
structure or insert 226 is receivable in the channel 314 
between opposed upper substantially planar walls 315 that 
define the channel 314 from the base 316 to the top surfaces 
269. Adequate clearance is provided such that the upper 
compression insert 226 is in slightly spaced or in sliding 
relationship with the walls 315, allowing for independent 
movement of the upper compression insert 226 with respect 
to the lower compression insert 214. 
0105. The lower insert 214 further includes opposed 
grooves 328 formed on outer surfaces of the arms 312. The 
grooves 328 are substantially similar in form and function to 
the grooves 136 of the insert 12 of the assembly 1. The 
grooves 328 are sized and shaped to receive spring tabs 329 
of the receiver 210. The spring tabs 329 are similar in form 
and function to the tabs 106 previously described herein 
with respect to the receiver 10 of the assembly 1 with the 
exception that the spring tabs 329 extend from a lower 
portion of the receiver 210 in a direction upwardly toward 
the guide and advancement structure 253 as well as inwardly 
toward the axis F of the receiver 210. 

0106 With reference to FIGS. 26-30, the upper or second 
compression structure or insert 226 includes a body 330 
having a pair of downwardly extending legs 332. The body 
330 and the legs 332 form a generally U-shaped, open, 
through-channel having a substantially U-shaped seating 
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surface 336 having a radius substantially conforming to the 
outer radius of the rod 21 and thus configured to operably 
Snugly engage the rod 21 at the external Surface 22 thereof 
opposite the seating surface 316 of the lower compression 
insert 214. FIG. 40 illustrates an alternative embodiment 
wherein an upper insert 226 includes a planar bottom 
surface 338 for engaging a planar top surface 25 of a bar 
24. It is further noted that the polyaxial bone screw shank 
204 and cooperating threaded retainer 212 capture connec 
tion provided in the assembly 201 may also be used without 
an upper pressure insert and in combination with the dual 
closure structure 14 of the assembly 1, or alternatively, with 
a one-piece closure assembly. 
0107 Returning to the insert 226 of the assembly 201, the 
legs 332 each include a bottom surface 338 that is substan 
tially parallel to a planar top surface 340. The compression 
insert 226 includes a pair of opposed curved outer Surfaces 
342 substantially perpendicular to the top surface 340 and 
extending between the top surface 340 and the seating 
surface 336. The curved surfaces 342 further extend along 
the legs 332 and terminate at the bottom surfaces 338. A pair 
of opposed substantially planar outer surfaces 343 are dis 
posed between the curved surfaces 342 and are also disposed 
substantially perpendicular to the top surface 340, each 
planar surface 343 extending between the top surface 340 
and a respective bottom surface 338. 
0108. A pin 344 of substantially circular cross section is 
disposed centrally on the top surface 340 and extends 
upwardly therefrom, being sized and shaped to fit within the 
centrally located lower bore 290 formed in the set screw 
234. The pin 344 further includes a substantially cylindrical 
base 346 and a U-shaped channel 348 formed by a pair of 
opposed, flanged arms 350 that extend from the base 346 
upwardly and substantially parallel to one another. Each of 
the flanged arms includes a partially conical Surface portion 
351 and a flat bottom surface 352 that is substantially 
parallel to the top planar surface 340 of the compression 
structure body 330. As illustrated in FIGS. 29 and 30, the pin 
344 is receivable in the bore 240 with surfaces forming the 
bore pressing and deforming the flanged arms 350 toward 
one another as the upper compression structure 226 is 
pressed against the set screw 234 that has already been 
up-loaded into a fastener portion 232. Once the conical 
surface portions 351 clear the bore 240 and enter the set 
screw aperture 286, the flanged arms 350 return to the 
original upright and Substantially parallel form with the 
Surfaces 352 being in contact with and seated upon a portion 
of the bottom Surface 289 as illustrated in FIG. 30. The 
flanged arms 350 thus keep the compression structure 226 
attached to the set screw 234 and yet rotatable with respect 
thereto about an axis of rotation H of the cylindrical base 
346 of the structure that is coaxial with the axis G of the set 
screw 234 and fastener 232, providing a centered relation 
ship between the closure structure 230 and the compression 
structure 226 while allowing the compression structure 226 
to freely rotate into a position centered over and in gripping 
engagement with the longitudinal connecting member 21 
when assembled thereon. Furthermore, if removal of the 
fastener and uploaded set Screw is desired, the attached 
compression structure 226 is advantageously removed along 
therewith. 

0109. With particular reference to FIGS. 24, 29, 30 and 
36-38, in use, the set screw 234 is assembled with the 
fastener 232 by inserting a set screw tool (not shown) 
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through the bore 254 of the fastener 232 and into the 
aperture 286 of the set screw 234, with outer features of the 
tool engaging the inner walls 288 of the set screw 234. The 
set screw 234 is then uploaded into the fastener 232 by 
rotation of the set screw 234 with respect to the fastener 232 
to mate the set screw thread 280 with the fastener inner 
thread 256 until the set screw top surface 276 is spaced from 
the abutment shoulder 260, but substantially nested in the 
fastener 232, with possibly only the cylindrical surface 278 
extending from the fastener base 236. The upper compres 
sion structure 224 is then attached to the set screw 234 as 
previously described with the pin 344 being received by the 
bore 290 and inserted therethrough until the arms 350 are 
disposed within the aperture 286, with the lower surfaces 
352 of the flanged arms seated on the bottom 289 of the set 
screw aperture 286, capturing the flanged arms 350 within 
the aperture 286. The nested assembly shown in FIG. 24 and 
attached to an upper compression structure as shown in 
FIGS. 29 and 30 is now pre-assembled and ready for use 
with a bone screw receiver 210 and cooperating rod 21. 
0110. With particular reference to FIGS. 22 and 32-35, 
the retainer 212 is typically first inserted or top-loaded, into 
the receiver squared-off U-shaped channel and then into the 
receiver cavity. Then, the retainer 212 is rotated approxi 
mately 90 degrees so as to be coaxial with the receiver 210 
axis F and then seated in sliding engagement with the inner 
seating surface of the receiver 210 as shown in FIG. 32. With 
reference to FIG. 33, the shank upper portion 208 is then 
inserted or bottom-loaded into the receiver 210. The retainer 
212, now disposed in the receiver 210 is coaxially aligned 
with the shank 204 and the upper portion 208 is generally 
rotated about the axis F mating the threaded surface 215 with 
the threaded surface 220 of the retainer 212. Rotation 
continues until the retainer 212 engages the flared portion 
218 and is tightened thereon, fixing the retainer 212 to the 
shank upper portion 208 as shown, for example, in FIG. 35. 
Preferably, the shank 204 and or the retainer 212 are rotated 
to fully mate such structures at a factory setting that includes 
tooling for holding and precisely rotating the shank 204 
and/or the retainer 212 until locking frictional engagement 
therebetween is accomplished. At this time both the shank 
204 and the retainer 212 are in rotatable and swivelable 
engagement with the receiver 210, while the shank upper 
portion 208 and the lower aperture or neck of the receiver 
210 cooperate to maintain the shank body 206 in swivelable 
relation with the receiver 210. Only the retainer 212 is in 
slidable engagement with the receiver 210 spherical seating 
Surface. The spherical shank upper Surface 213 is in spaced 
relation with the receiver 210. The shank body 206 can be 
rotated and pivoted through a Substantial angular rotation 
relative to the receiver 210, both from side to side and from 
front to rear so as to substantially provide a universal or ball 
joint. 
0111. With reference to FIG. 35, the insert 214 may be 
top loaded into the receiver 210 with the flanged portions 
318 aligned in the receiver channel, each flanged portion 318 
being located between a pair of opposed walls partially 
defining the receiver arms. The insert 214 is then moved 
downwardly into the receiver and past the guide and 
advancement structure 253. Once the flanged portions 318 
are located below the guide and advancement structure 253 
and adjacent the run-out relief below the structure 253, the 
insert 214 is rotated about the axis F of the receiver 210 as 
illustrated by the arrow 380 in FIG. 22. The flanged portions 
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318 fit within such relief. Once each flanged portion 318 is 
located centrally with a respective arm of the receiver 210, 
rotation is ceased and the spring tabs 329 may be pressed 
into the grooves 328 or the spring tabs 329 simply snap into 
the grooves 328 as in the illustrated embodiment of the 
receiver 210 wherein the tabs are directed inwardly toward 
the axis F prior to assembly with the lower pressure insert 
214. The insert 214 is now locked into place inside the 
receiver 210 with the guide and advancement structure 253 
prohibiting upward movement of the insert out of the 
receiver 210 and the spring tabs 329 that are biasing against 
the insert 214 at the grooves 328 prohibiting rotational 
movement of the insert 214 with respect to the receiver 210 
about the receiver axis F. The insert 214 seats on the shank 
upper portion 208 with the partially spherical surface 326 in 
sliding engagement with the cooperating partially spherical 
surface 213 as best shown in FIG. 35 (and also shown in 
locked mated engagement in FIG. 38). It is noted that FIG. 
35 illustrates the shank 204 and attached retainer 212 
swiveled at an angle with respect to the receiver 210 wherein 
the shank body 206 is extending forward from the plane of 
the drawing illustration as well as at an angle with respect to 
the two dimensions of the drawing figure. The run-out or 
relief under the guide and advancement structure 253 is 
sized and shaped to allow for some upward and downward 
movement of the insert 214 toward and away from the shank 
upper portion 208 such that the shank upper portion 208 is 
freely pivotable with respect to the receiver 210 until the 
closure structure fastener base 236 presses on the insert 214 
that in turn presses upon the upper portion 208 into locking 
frictional engagement with the receiver 210. Similarly, the 
spring tabs 329 are sized, shaped and positioned within the 
grooves 328 to allow for upward and downward movement 
of the insert 214 and pivoting of the shank 204 prior to 
locking in place. 

0112. With reference to FIG. 34, in use, the bone screw 
shank 206 is typically screwed into a bone, such as a 
vertebra 380 by rotation of the shank 204 using a driving 
tool 382 that operably drives and rotates the shank 204 by 
engagement thereof with the tool engagement structure 223. 
With reference to FIGS. 35-37, the rod 21 is eventually 
placed in the bone screw receiver 210 that has been previ 
ously attached to the bone screw shank 204 utilizing the 
retaining and articulating structure 212 and loaded with the 
lower compression insert 214. A driving tool (not shown) is 
used to rotate the closure structure by engagement with the 
drive feature 240 of the break-off head 238, mating the guide 
and advancement structures 252 and 253. During installa 
tion, the fastener Surface 268 frictionally engages the Surface 
269 of the lower compression insert 214, that in turn presses 
the Surface 326 exclusively against the shank upper portion 
208 at the surface 213 at a location substantially spaced from 
the retainer 212 as shown in FIG.38, biasing the retainer 212 
at the surface 224 into fixed frictional contact with the 
receiver 210 at the seating surface 228, such that the receiver 
210 and the shank 204 can be independently secured at a 
desired angle with respect to the receiver while the rod 21 
remains movable within the receiver and yet substantially 
captured between the compression structures 212 and 226. 
Also with reference to FIG. 38, the closure structure is 
rotated until a selected pressure is reached at which time the 
head 238 breaks off, preferably about 80 to about 120 inch 
pounds that adequately fixes the bone screw shank 204 with 
respect to the receiver 210. When the break-off head is 
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removed, the upper compression insert 226 is preferably in 
contact with the rod 21, but placing little if any pressure 
thereon. Then, a set screw driving tool (not shown) is 
inserted into the drive feature 288 and the set screw 234 is 
rotated downwardly, pressing against the insert 226 that in 
turn presses against the rod 21. 
0113. The polyaxial bone screw assembly 201 according 
to the invention advantageously allows for the removal and 
replacement of the rod 21 with another longitudinal con 
necting member having a different overall cross-sectional 
width or outer diameter, utilizing the same receiver 210 and 
the same lower compression insert 214. For example, as 
illustrated in FIG. 39, an assembly 201A is illustrated 
wherein the rod 21 is replaced by the bar 24 and the upper 
insert 226 is not utilized. 

0114 With reference to FIG. 40, another assembly 
according the invention, generally 201B, includes a shank 
204", a receiver 210", a set screw 234' and cooperating outer 
fastener 236', and a lower insert 312 substantially similar to 
the respective shank 204, receiver 210, set screw 234 and 
fastener 236, and insert 312 previously described herein 
with respect to the assembly 201. It is noted that the neck of 
the shank 204' is substantially cylindrical as compared to the 
curved neck of the shank 204. Shanks according to the 
invention may include a variety of geometries including, but 
not limited to straight cylinders, curved necks, conical 
necks, and the like. 
0115 The assembly 201B further includes an upper insert 
226' that attaches to the set screw 234" in a manner similar 
to the previously described cooperation between the set 
screw 234 and insert 226. However, the insert 226' includes 
a planar bottom surface 338 for substantially full frictional 
contact with a planar surface 25' of a bar 24" of rectangular 
cross-section. 

0116. It is 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. 
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1-26. (canceled) 
27. A pivotable bone anchor assembly implantable in a 

bone for mechanically coupling a longitudinal stabilization 
member to the bone, the pivotable bone anchor assembly 
comprising: 

a receiver having a lower body with a bottom opening and 
a pair of upwardly extending arms with opposed inte 
rior Surfaces forming a receiver channel for receiving a 
longitudinal stabilization member therebetween, the 
interior Surfaces having a discontinuous helically 
wound guide and advancement structure formed 
thereon, and the lower body having a cavity in com 
munication with the receiver channel and partially 
defined by a partially spherical-shaped inner Surface 
adjacent the bottom opening, and 

an anchor member having a proximal end portion, a distal 
end portion, and a central opening extending entirely 
through the anchor member along a central longitudinal 
axis of the anchor member and opening onto a top end 
and a bottom end of the anchor member, the central 
opening being closed laterally along an entire length 
thereof and having a constant diameter at least along 
the distal end portion of the anchor member comprising 
an implant portion to be implanted into the bone, the 
proximal end portion including a partially spherical 
shaped outer Surface that is complimentary with the 
inner surface of the receiver, 

wherein the proximal end portion of the anchor member 
is uploadable through the bottom opening of the 
receiver to establish pivotable motion between the 
anchor member and the receiver. 

28. The pivotable bone anchor assembly of claim 27, 
wherein the proximal end portion of the anchor member 
further includes an attachment feature configured to receive 
a driving tool to drive the anchor member into the bone. 

29. The pivotable bone anchor assembly of claim 28, 
wherein the attachment feature further comprises an internal 
drive socket. 


