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(57) ABSTRACT

A dynamic fixation medical implant having at least two bone
anchors includes a longitudinal connecting member assem-
bly having rigid sleeves for attachment to the bone anchors, at
least one spacer engaging the bone anchors and the sleeves,
and in some embodiments, an end elastic bumper. A flexible
cord is initially slidingly received within the rigid sleeves, the
spacer and the bumper. The spacer may include an optional
inelastic inner liner, with at least one of the sleeves having an
extension slidingly receivable within the liner. Some sleeves
include apertures for receiving a closure top portion for lock-
ing the cord against the sleeve, or alternatively receiving a
closure top that does not extend into the aperture, the slip or
grip option provided by the aperture in each sleeve resulting
in an overall connector with variable segmental stiffness.
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LONGITUDINAL CONNECTING MEMBER
WITH SLEEVED TENSIONED CORDS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 12/802,849, filed Jun. 15, 2010. Appli-
cation Ser. No. 12/802,849 claims the benefit of the following
U.S. Provisional Patent Application Ser. Nos. 61/268,708,
filed Jun. 15, 2009; 61/270,754, filed Jul. 13, 2009; 61/336,
911 filed Jan. 28, 2010; 61/395,564 filed May 14, 2010;
61/395,752 filed May 17,2010; and 61/396,390 filed May 26,
2010. This application is also a continuation-in-part of U.S.
patent application Ser. No. 12/221,442 filed Aug. 1, 2008. All
of which are incorporated by reference herein.

BACKGROUND OF THE INVENTION

[0002] The present invention is directed to dynamic fixa-
tion assemblies for use in bone surgery, particularly spinal
surgery, and in particular to longitudinal connecting members
and cooperating bone anchors or fasteners for such assem-
blies, the connecting members being attached to at least two
bone anchors.

[0003] Historically, it has been common to fuse adjacent
vertebrae that are placed in fixed relation by the installation
therealong of bone screws or other bone anchors and cooper-
ating longitudinal connecting members or other elongate
members. Fusion results in the permanent immobilization of
one or more of the intervertebral joints. Because the anchor-
ing of bone screws, hooks and other types of anchors directly
to a vertebra can result in significant forces being placed on
the vertebra, and such forces may ultimately result in the
loosening of the bone screw or other anchor from the vertebra,
fusion allows for the growth and development of a bone
counterpart to the longitudinal connecting member that can
maintain the spine in the desired position even if the implants
ultimately fail or are removed. Because fusion has been a
desired component of spinal stabilization procedures, longi-
tudinal connecting members have been designed that are of a
material, size and shape to largely resist bending (flexion,
extension and lateral), torsion, shear, distraction and com-
pression, and thus substantially immobilize the portion of the
spine that is to be fused. Thus, longitudinal connecting mem-
bers are typically uniform along an entire length thereof, and
usually made from a single or integral piece of material hav-
ing a uniform diameter or width of a size to provide substan-
tially inelastic rigid support in all planes.

[0004] An alternative to fusion, which immobilizes at least
a portion of the spine, and the use of more rigid longitudinal
connecting members or other rigid structure has been a “soft”
or “dynamic” stabilization approach in which a flexible loop-,
S-, C- or U-shaped member or a coil-like and/or a spring-like
member is utilized as an elastic longitudinal connecting
member fixed between a pair of pedicle screws in an attempt
to create, as much as possible, a normal loading pattern
between the vertebrae in flexion, extension, side bending,
distraction, compression and torsion. Another type of soft or
dynamic system known in the art includes bone anchors con-
nected by flexible cords or strands, typically made from a
plastic material. Such a cord or strand may be threaded
through cannulated spacers that are disposed between adja-
cent bone anchors when such a cord or strand is implanted,
tensioned and attached to the bone anchors. The spacers typi-
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cally span the distance between bone anchors, providing lim-
its on the bending movement of the cord or strand and thus
strengthening and supporting the overall system. Shear forces
are not well resisted by the typical cord and spacer stabiliza-
tion systems. Such tensioned cord and spacer systems may
also cause facet joint compression during spinal movement,
especially flexion.

[0005] The complex dynamic conditions associated with
spinal movement create challenges for the design of elongate
elastic longitudinal connecting members that exhibit an
adequate fatigue strength to provide stabilization and pro-
tected motion of the spine, without fusion, and that allow for
some natural movement of the portion of the spine being
reinforced and supported by the elongate elastic or flexible
connecting member. A further challenge are situations in
which a portion or length of the spine requires a more rigid
stabilization, possibly including fusion, while another por-
tion or length may be better supported by a more dynamic
system that allows for protective movement.

SUMMARY OF THE INVENTION

[0006] Longitudinal connecting member assemblies
according to the invention for use between at least two bone
anchors provide dynamic, protected motion of the spine and
may be extended to provide additional dynamic sections or
more rigid support along an adjacent length of the spine, with
fusion, if desired. A dynamic longitudinal connecting mem-
ber assembly according to the invention has an inner segment
or core made from a cord in the disclosed embodiment, the
core being tensioned and fixed at either end of the assembly.
The core is received by at least one hard, inelastic segment or
sleeve, the sleeve attachable to at least one bone anchor. In
some embodiments, the core is received by at least a pair of
such sleeves, each sleeve attachable to a bone anchor. In some
embodiments, the sleeve or sleeves slidingly receive the core.
In other embodiments, the sleeve or sleeves are either fixed or
left unfixed to the core by the surgeon, resulting in a connect-
ing member having variable segmental stiffness along a
length thereof. A variety of embodiments according to the
invention are possible. Additional sleeves may be attached to
additional bone anchors and cooperate with additional cut-
to-length spacers with or without cooperating liners to create
longer assemblies. Sleeves may also be extended to provide
inelastic rod, bar or tube extensions, especially on one end.
Spacers and optional cooperating liners with different mea-
sures of rigidity may be connected according to embodiments
of the invention. Either rigid lengths or cords may be of
greater or lesser lengths for attaching to one or a plurality of
bone anchors. In some embodiments, longitudinal connect-
ing member assemblies may be dynamically loaded before
insertion, or after being operatively attached to at least the
pair of bone anchors along a patient’s spine by tensioning the
inner core and at least partially compressing an end bumper
and/or at least one spacer located between the bone anchors.
Typically, the at least one spacer with or without an inner liner
has some flexibility in bending, with the spacer/liner combi-
nation protecting and limiting flexing movement of the inner
core and providing shear resistance.

[0007] An object of the invention is to provide a light-
weight, reduced volume, low profile assemblies for use with
at least two bone anchors. Furthermore, it is an object of the
invention to provide apparatus and methods that are easy to
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use and especially adapted for the intended use thereof and
wherein the apparatus are comparatively inexpensive to make
and suitable for use.

[0008] 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 embodi-
ments of this invention.

[0009] The drawings constitute a part of this specification
and include exemplary embodiments of the present invention
and illustrate various objects and features thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a perspective view of a longitudinal con-
necting member according to the invention having a ten-
sioned cord and a pair of sleeves, each sleeve shown cooper-
ating with a polyaxial bone screw.

[0011] FIG. 1a is a perspective view of an alternative
embodiment of a longitudinal connecting member according
to the invention shown with one monoaxial screw clamped
directly to an inner tensioned cord and one polyaxial screw
having a sleeve for slidable engagement with the cord.
[0012] FIG.2isa perspective view of the connecting mem-
ber of FIG. 1 shown without the polyaxial bone screws, the
connecting member including an inner cord, first and second
sleeves, a spacer/liner combination, an elastic bumper and a
cord blocker with set screw, all shown prior to tensioning.

[0013] FIG. 3 is a top plan view of the connecting member
of FIG. 2.
[0014] FIG. 4 is areduced exploded view of the connecting

member of FIG. 2.
[0015] FIG. 5 is an enlarged perspective view of the first
sleeve of FIG. 2.

[0016] FIG. 6is an enlarged top plan view of the first sleeve
of FIG. 5.
[0017] FIG.7isanenlarged rear elevational view of'the first

sleeve of FIG. 5.

[0018] FIG. 8 is an enlarged cross-sectional view taken
along the line 8-8 of FIG. 6.

[0019] FIG. 9 is an enlarged side elevational view of the
liner of the spacer/liner combination of FIG. 2.

[0020] FIG. 10 is an enlarged rear elevational view of the
liner of FIG. 9.

[0021] FIG. 11 is an enlarged front elevational view of the
liner of FIG. 9.

[0022] FIG. 12 is an enlarged perspective view of the liner
of FIG. 9.

[0023] FIG. 13 is an enlarged side elevational view of the

spacer of the spacer/liner combination of FIG. 2.

[0024] FIG. 14 is an enlarged rear elevational view of the
spacer of FIG. 13.

[0025] FIG. 15 is an enlarged front elevational view of the
spacer of FIG. 13.

[0026] FIG.16is an enlarged perspective view of the spacer
of FIG. 13.
[0027] FIG. 17 is an enlarged cross-sectional view taken

along the line 17-17 of FIG. 14.

[0028] FIG. 18 is an enlarged perspective view of the sec-
ond sleeve shown in FIG. 2.

[0029] FIG. 19 is en enlarged top plan view of the second
sleeve of FIG. 18.

[0030] FIG. 20 is an enlarged front elevational view of the
second sleeve of FIG. 18.
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[0031] FIG. 21 is an enlarged rear elevational view of the
second sleeve of FIG. 18.

[0032] FIG. 22 is an enlarged cross-sectional view taken
along the line 22-22 of FIG. 19.

[0033] FIG. 23 is an enlarged side elevational view of the
bumper shown in FIG. 2.

[0034] FIG. 24 is an enlarged rear elevational view of the
bumper of FIG. 23.

[0035] FIG. 25 is an enlarged front elevational view of the
bumper of FIG. 23.

[0036] FIG. 26 is an enlarged cross-sectional view taken
along the line 26-26 of F1G. 25.

[0037] FIG. 27 is an enlarged side elevational view of the
blocker and set screw shown in FIG. 2.

[0038] FIG. 28 is an enlarged rear elevational view of the
blocker of FIG. 27.

[0039] FIG. 29 is an enlarged front elevational view of the
blocker and set screw of FIG. 27.

[0040] FIG. 30 is an enlarged cross-sectional view taken
along the line 30-30 of FIG. 28.

[0041] FIG. 3014 is an enlarged perspective view of the
blocker and set screw of FIG. 27 shown pre-assembled with
the bumper of FIG. 23.

[0042] FIG. 31 is an enlarged and partial perspective view
of'the connector and bone screws of F1G. 1 further showing a
first bone screw in exploded view, the bone screw including a
bone screw shank, retainer, receiver, compression insert and
closure top.

[0043] FIG. 32 is an enlarged and partial cross-sectional
view taken along the line 32-32 of FIG. 31.

[0044] FIG. 33 is an enlarged perspective view of the
receiver of the first bone screw of FIG. 31.

[0045] FIG. 34 is an enlarged side elevational view of the
receiver of FIG. 33 with portions broken away to show the
detail thereof.

[0046] FIG. 35 is an enlarged and partial perspective
exploded view of the receiver and compression insert of the
first bone screw of FIG. 31, shown in an initial stage of
assembly.

[0047] FIG. 36 is an enlarged and partial perspective view
of the receiver and compression insert of FIG. 35 with por-
tions broken away to show the detail thereof and shown in a
later stage of assembly.

[0048] FIG. 37 is an enlarged and partial cross-sectional
view taken along the line 37-37 of FIG. 1.

[0049] FIG. 38 is an enlarged perspective view of another
embodiment of a dynamic fixation longitudinal connecting
member according to the invention shown attached to three
polyaxial bone screws.

[0050] FIG. 39 is a side elevational view of the connecting
member of FIG. 38 shown without the polyaxial bone screws,
the connecting member including an inner cord, three sleeves,
two spacer/liner combinations (shown in phantom), an elastic
bumper (shown in phantom) and a cord blocker with set
Screw.

[0051] FIG. 40 is an enlarged perspective view of one of the
sleeves of FIG. 39.

[0052] FIG. 41 is an enlarged rear elevational view of the
sleeve of FIG. 40.

[0053] FIG. 42 is an enlarged front elevational view of the
sleeve of FIG. 40.

[0054] FIG. 43 is an enlarged cross-sectional view taken
along the line 43-43 of FIG. 41.
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[0055] FIG. 44 is an enlarged and partial cross-sectional
view, similar to FIG. 37, but showing an alternative assembly
with sleeves having apertures for receiving closure top por-
tions therein to grip the inner core.

[0056] FIG. 45 is an enlarged front elevational view of
another alternative longitudinal connecting member accord-
ing to the invention shown attached to a pair of polyaxial bone
SCrews.

[0057] FIG. 46 is an enlarged perspective view of the con-
necting member of FIG. 45.

[0058] FIG. 47 is an enlarged and exploded perspective
view of the connecting member of FIG. 45 shown without the
polyaxial bone screws, the connecting member including an
inner cord, first and second sleeves, a spacer/liner combina-
tion, an elastic bumper and a cord blocker with set screw.
[0059] FIG. 48 is an enlarged perspective view of the con-
necting member of FIG. 47 shown with the components
loosely connected along the inner cord and prior to tension-
ing.

[0060] FIG. 49 is an enlarged side elevational view of the
first sleeve of FIG. 48.

[0061] FIG. 50 is an enlarged perspective view of the first
sleeve of FIG. 49.

[0062] FIG. 51 is an enlarged front elevational view of the
first sleeve of FIG. 49.

[0063] FIG. 52 is an enlarged rear elevational view of the
first sleeve of FIG. 49.

[0064] FIG. 53 is an enlarged cross-sectional view taken
along the line 53-53 of FIG. 49.

[0065] FIG. 54 is an enlarged exploded perspective view of
the spacer/liner combination of FIG. 47.

[0066] FIG. 55 is an enlarged perspective view of the
spacer/liner combination of FIG. 54 shown assembled.
[0067] FIG. 56 is an enlarged front elevational view of the
spacer/liner combination of FIG. 55.

[0068] FIG. 57 is an enlarged cross-sectional view taken
along the line 57-57 of FIG. 55.

[0069] FIG. 58 is an enlarged perspective view of the sec-
ond sleeve shown in FIG. 47.

[0070] FIG. 59 is en enlarged rear elevational view of the
second sleeve of FIG. 58.

[0071] FIG. 60 is an enlarged front elevational view of the
second sleeve of FIG. 58.

[0072] FIG. 61 is an enlarged cross-sectional view taken
along the line 61-61 of FIG. 58.

[0073] FIG. 62 is an enlarged exploded perspective view of
the bumper, blocker and set screw shown in FIG. 47.

[0074] FIG. 63 is an enlarged front elevational view of the
bumper of FIG. 62.

[0075] FIG. 64 is an enlarged side elevational view of the
bumper, blocker and set screw of FIG. 62 shown assembled.
[0076] FIG. 65 is an enlarged perspective view of the
bumper, blocker and set screw of FIG. 64.

[0077] FIG. 66 is an enlarged front elevational view of the
bumper, blocker and set screw of FIG. 64.

[0078] FIG. 67 is an enlarged rear elevational view of the
bumper, blocker and set screw of FIG. 64.

[0079] FIG. 68 is an enlarged cross-sectional view taken
along the line 68-68 of F1G. 66.

[0080] FIG. 69 is an enlarged and partial perspective view
of'the connector and bone screws of FIG. 45 further showing
a bone screw in exploded view, the bone screw including a
bone screw shank, retainer, receiver, compression insert and
closure top.
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[0081] FIG. 70 is an enlarged and partial and partially
exploded side elevational view of the connector and bone
screws, similarto FIG. 69, with portions broken away to show
the detail thereof and the retainer and shank shown in a stage
of assembly.

[0082] FIG. 71 is an enlarged and partial cross-sectional
view taken along the line 71-71 of FIG. 69.

[0083] FIG. 72 is an enlarged and partial front elevational
view of the assembly of F1G. 45 with portions broken away to
show the detail thereof.

[0084] FIG. 73 is an enlarged perspective view of the bone
screw shank of FIG. 69.

[0085] FIG. 74 is an enlarged top plan view of the shank of
FIG. 73.
[0086] FIG. 75 is an enlarged and partial side elevational

view of the shank of FIG. 73 with portions broken away to
show the detail thereof.

[0087] FIG. 76 is an enlarged perspective view of the
retainer of FIG. 69.

[0088] FIG. 77 is a top plan view of the retainer of FIG. 69.
[0089] FIG. 78 is a bottom plan view of the retainer of FIG.
69.

[0090] FIG. 79 is across-sectional view taken along the line

79-79 of F1G. 77.

[0091] FIG. 80 is an enlarged and partial front elevational
view of the shank and retainer of FIG. 69 shown in an early
stage of assembly.

[0092] FIG. 81 is an enlarged and partial side elevational
view of an assembled shank, retainer and receiver of FIG. 69
with portions broken away to show the detail thereof.

[0093] FIG. 82 is another enlarged and partial side eleva-
tional view of an assembled shank, retainer and receiver of
FIG. 69 with portions broken away to show the detail thereof.
[0094] FIG. 83 is across-sectional view taken along the line
83-83 of FIG. 82.

[0095] FIG. 84 is an enlarged side elevational view of the
compression insert of FIG. 69.

[0096] FIG. 85is an enlarged top plan view of the compres-
sion insert of FI1G. 69.

[0097] FIG. 86 is an enlarged bottom plan view of the
compression insert of FIG. 69.

[0098] FIG. 87 is an enlarged and partial perspective view
of'the receiver and compression insert of FIG. 69 shown in an
early stage of assembly.

[0099] FIG. 88 is an enlarged and partial perspective view
of' the receiver and compression insert of FIG. 87 shown in a
later stage of assembly and with portions broken away to
show the detail thereof.

[0100] FIG. 89 is an enlarged front elevational view of
another embodiment of a longitudinal connecting member
according to the invention shown attached to three polyaxial
bone screws.

[0101] FIG. 90 is a side elevational view of the connecting
member of FIG. 89 with portions broken away to show the
detail thereof, including an inner cord, three sleeves, two
spacer/liner combinations, an elastic bumper and a cord
blocker with set screw.

[0102] FIG.911is an enlarged perspective view of one of the
sleeves of FIG. 90.

[0103] FIG. 92 is an enlarged rear elevational view of the
sleeve of FIG. 91.

[0104] FIG. 93 is an enlarged front elevational view of the
sleeve of FIG. 91.
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[0105] FIG. 94 is an enlarged cross-sectional view taken
along the line 94-94 of F1G. 92.

[0106] FIG. 95 is areduced perspective view of a kit show-
ing various lengths and configurations of sleeves according to
the invention.

[0107] FIG.961s aperspective view of another longitudinal
connecting member according to the invention shown
attached to five polyaxial bone screws.

[0108] FIG. 97 is an exploded perspective view of the con-
necting member of FIG. 96 shown without the polyaxial bone
screws, the connecting member including an inner cord, first,
second and third sleeves, first and second spacer/liner com-
binations, a third spacer, an elastic bumper, a cord blocker
with set screw, a rod/cord coupler and a threaded rod.
[0109] FIG.98isa front elevational view of one of the bone
screws shown in FIG. 96 with portions broken away to show
cooperation with the connecting member of FIG. 96, also
with portions broken away.

[0110] FIG. 99 is a front elevational view of the connector
and bone screws of FIG. 96 with portions broken away to
show the detail thereof and showing three different types of
closure tops.

[0111] FIG. 100 is an enlarged perspective view of the first
sleeve shown in FIG. 97.

[0112] FIG. 101 is a reduced side elevational view of the
sleeve of FIG. 100.

[0113] FIG. 102 is a reduced top plan view of the sleeve of
FIG. 100.

[0114] FIG.103 is areduced bottom plan view of the sleeve
of FIG. 100.

[0115] FIG. 104 is a cross-sectional view taken along the
line 60-60 of FIG. 100.

[0116] FIG. 105 is an enlarged perspective view of the
second sleeve shown in FIG. 97.

[0117] FIG. 106 is an alternative perspective view of the
sleeve of FIG. 105.

[0118] FIG. 107 is a side elevational view of the sleeve of
FIG. 105 with portions broken away to show the detail
thereof.

[0119] FIG.108is an enlarged perspective view of the third
sleeve shown in FIG. 97.

[0120] FIG. 109 is an alternative perspective view of the
sleeve of FIG. 108.

[0121] FIG. 110 is a side elevational view of the sleeve of
FIG. 108 with portions broken away to show the detail
thereof.

[0122] FIG. 111 is an enlarged perspective view of the
rod/cord coupler of FIG. 97.

[0123] FIG. 112 is a side elevational view of the rod/cord
coupler of FIG. 111 with portions broken away to show the
detail thereof.

[0124] FIG. 113 is an enlarged perspective view the cord
blocker of FIG. 97.

[0125] FIG. 114 is a side elevational view of the cord
blocker of FIG. 113 with portions broken away to show the
detail thereof.

[0126] FIG. 115 is a side elevational view of another
embodiment of a longitudinal connecting member according
to the invention shown attached to five polyaxial bone screws.
[0127] FIG. 116 is an enlarged and partial side elevational
view of the connecting member of FIG. 115 with portions
broken away to show the detail thereof.

[0128] FIG.117isanenlarged front elevational view of one
of the closure tops shown in FIG. 99.
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[0129] FIG. 118 is a front elevational view of the closure
top of FIG. 117 with portions broken away to show the detail
thereof.

[0130] FIG. 119 is an enlarged front elevational view of
another of the closure tops shown in FIG. 99.

[0131] FIG. 120 is a front elevational view of the closure
top of FIG. 119 with portions broken away to show the detail
thereof.

[0132] FIG. 121 is an enlarged front elevational view of
another of the closure tops shown in FIG. 99.

[0133] FIG. 122 is a front elevational view of the closure
top of FIG. 121 with portions broken away to show the detail
thereof.

[0134] FIG. 123 is a perspective view of another sleeve
according to the invention shown mounted within a polyaxial
bone screw.

[0135] FIG. 124 is an enlarged and partial exploded per-
spective view of the assembly and sleeve of FIG. 123.
[0136] FIG. 125 is an enlarged and partial front elevational
view of the assembly and sleeve of FIG. 123.

[0137] FIG. 126 is a cross-sectional view taken along the
line 126-126 of FI1G. 125.

[0138] FIG.127isanenlarged top plan view ofthe sleeve of
FIG. 123.
[0139] FIG. 128 is an enlarged bottom plan view of the

sleeve of FIG. 123.

[0140] FIG. 129 is a front elevational view of the assembly
of FIG. 123 with portions broken away to show the detail
thereof.

[0141] FIG. 130 is a partial side elevational view of the
bone screw of FIG. 123 shown with an alternative lordotic
sleeve of the invention.

[0142] FIG. 131 is an enlarged side elevational view of the
sleeve of FIG. 130 with portions broken away to show the
detail thereof.

[0143] FIG. 132 is a perspective view of a set of sleeves as
shown in FIGS. 123-131.

[0144] FIG. 133 is a partially exploded perspective view of
a longitudinal connecting member including the assembly
further including some of the sleeves of FIG. 132.

[0145] FIG. 134 is an enlarged front elevational view of one
of the sleeves shown in FIG. 132 with portions broken away
to show the detail thereof, the sleeve also including a cord
fixer and a solid rod.

[0146] FIG. 135isatop plan view ofthe sleeve of FIG. 134.
[0147] FIG. 136 is a bottom plan view of the sleeve of FIG.
134.

[0148] FIG. 137 is a perspective view of another alternative

sleeve according to the invention.

[0149] FIG. 138 isatop plan view ofthe sleeve of FIG. 137.
[0150] FIG. 139 is a cross-sectional view taken along the
line 139-139 of FIG. 138.

[0151] FIG. 140 is an exploded front elevational view of
another sleeve according to the invention shown with a
polyaxial bone screw and a pair of alternative closure tops.
[0152] FIG.1411isaperspective view of aset of sleeves, one
of which is shown in FIG. 140.

[0153] FIG. 142 is an enlarged perspective view of one of
the sleeves of FIG. 141 that is also the sleeve shown in FIG.
140.

[0154] FIG. 143 isatop plan view ofthe sleeve of FIG. 142.
[0155] FIG. 144 is a bottom plan view of the sleeve of FIG.
142.
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[0156] FIG. 145 is a cross-sectional view taken along the
line 145-145 of FI1G. 143.

[0157] FIG. 146 is a partial perspective view of the assem-
bly of FIG. 140 with portions broken away to show the detail
thereof.

[0158] FIG. 147 is a partial front elevational view of the
assembly of FIG. 146.

[0159] FIG. 148 is a partial perspective view of the bone
screw assembly of FIG. 140 shown with one of the lordotic
sleeve illustrated in FIG. 141.

[0160] FIG. 149 is a partial front elevational view of the
assembly of FIG. 148.

[0161] FIG. 150 is an enlarged and partial front elevational
view, similar to FIG. 149 with portions broken away to show
the detail thereof.

[0162] FIG. 151 is a top plan view of one of the sleeves
illustrated in FIG. 141 that further includes an elongate rod.
[0163] FIG. 152 is a cross-sectional view taken along the
line 152-152 of FIG. 151.

[0164] FIG. 153 is a front elevational view of the sleeve of
FIG. 151.
[0165] FIG. 154 is a reduced and partial and partially

exploded side elevational view of a plurality of bone screws of
FIG. 140 shown with various sleeves similar to that shown in
FIG. 140, the sleeves having various lengths of tubal exten-
sions thereon, and further shown with a sleeve similar to the
sleeve of FIG. 151 and also a cord, bumper/blocker, spacers
and various closure tops.

DETAILED DESCRIPTION OF THE INVENTION

[0166] As required, detailed embodiments of the present
invention are disclosed herein; however, it is to be understood
that the disclosed embodiments are merely exemplary of the
invention, which may be embodied in various forms. There-
fore, specific structural and functional details disclosed
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 conno-
tations applied to such devices, and is not intended to restrict
positioning of the connecting member assemblies of the
application and cooperating bone anchors in actual use.

[0167] Withreference to FIGS. 1-44, the reference numeral
1 generally designates a non-fusion dynamic stabilization
longitudinal connecting member assembly according to the
present invention. The connecting member assembly 1 is
elongate, having a substantially central axis A. With particu-
lar reference to FIGS. 1-4, the illustrated connecting member
assembly 1 generally includes at least first and second hard,
inelastic sleeves 5 and 7 with an optional spacer/liner combi-
nation, generally 10, located therebetween. In particular, the
spacer/liner combination 10 includes an outer spacer 12 and
an inner liner 13. The assembly 1 further includes an elastic
bumper 16, a cord blocker 18 with cooperating set screw 19
and an inner core that in the present embodiment is a cord 22.
The cord 22 extends along the axis A and successively
through and within the sleeve 5, the spacer 12, the sleeve 7
(and optional spacer/liner 10), the bumper 16 and the cord
blocker 18 as shown, for example, in FIG. 37. In FIGS. 1 and
37, the assembly 1 is shown attached to two polyaxial bone
screws, generally 25 at the sleeves 5 and 7. A portion of the
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sleeve 7 extends into and through the spacer/liner 10 and is in
slidable relationship therewith. A portion of the cord blocker
18 extends into a bore of the bumper 16. As will be described
and explained in greater detail below, the bumper 16 is typi-
cally made from an elastomer while the outer spacer 12 is also
elastomeric, but typically made from a material with a difter-
ent durometer, being tougher and less compressible than the
material of the bumper 16. Furthermore, the sleeves 5 and 7
and the spacer liner 13 are made from a hard, non-elastic
material, such as a metal or metal alloy, like cobalt chromium.
The hard and stiff sliding sleeve 7 includes an extension that
slides into the liner 13, providing a dynamic no- or low-wear,
sliding relationship between the sleeve 7 and the liner 13 that
is non-binding, and provides excellent shear resistance while
at the same time, the optional thin liner 13 cooperating with
the elastomeric spacer 12 as well as the tensioned cord 22
provide controlled bending, with the tensioned cord 22 and
compressed bumper 16, performing well under tension and
compression. Portions of the sleeves 5 and 7 are disposed
flush to side surfaces of the cooperating bone screws 25 that
abut against the spacer 12 or the bumper 16, such flush surface
geometry results in stable, secure substantially full contact
between such outer elements of the assembly 1 and the coop-
erating bone screws. In certain embodiments of the invention,
the sleeves 5 and 7 may further include respective openings
27 and 28 (shown in phantom in the drawings with the excep-
tion of FIG. 44) sized and shaped to receive a portion of a
closure top therethrough for gripping the cord 22 when
desired by the surgeon. Such openings 27 and 28 and coop-
erating closure tops will be described in greater detail below
with respect to FIGS. 100-110 and 117-118, for example.
With particular reference to FIG. 44, when a longitudinal
connecting member according to the invention includes two
or more sleeves 5' and/or 7' equipped with closure top receiv-
ing openings, the openings 27 and 28 allow a surgeon to
decide whether to allow the cord 22 to slide or slip with
respect to the particular sleeve 5' or 7' or to be gripped within
such sleeve 5' or 7', advantageously providing for variable
segmental stiffness along a length of a longitudinal connect-
ing member, and thus custom-made for the needs of the
individual patient. When sleeves 5' and 7' having respective
openings 27 and 28 are utilized in a longitudinal connecting
member, the bumper 16 and cord blocker 18/setscrew 19
combination is an optional component and thus may or may
not be included in such a longitudinal connecting member
assembly as the cord 22 may be fixed in place at a sleeve 5' or
7' located near an end of such assembly. It is noted that the
sleeves 5 and 7 may also include tubular extensions of varying
lengths on one or both sides thereof (not shown), but as
otherwise shown and described with respect to other sleeves
of'the invention, for example, on FIG. 132. With reference to
FIG. 1a, and as will be described in greater detail below, it is
noted that sleeves 5 and 5' and 7 and 7' according to the
invention may be used with or without a bumper 16, but may
cooperate with one or more blockers 18. As stated elsewhere
herein, connecting members of the invention may or may not
include bumpers 16 or blockers 18. Furthermore, a single
sleeve 5, 5', 7 or 7' (or other sleeves described herein) may be
used in a longitudinal connecting member according to the
invention, cooperating with one or more other bone anchors
(mono- or polyaxial) that do not engage a sleeve, but rather
fixedly or slidingly cooperate directly with the tensioned cord
(also shown in FIG. 1a and described in greater detail below).
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[0168] With particular reference to FIGS. 5-8, the sleeve 5
further includes a body portion 30 generally sized and shaped
for being received within the polyaxial bone screw 25 and a
tubular extension 32 sized and shaped to engage and hold the
spacer 12 in fixed engagement with the sleeve 5. The illus-
trated body portion 30 and tubular extension 32 are integral or
otherwise fixed to one another. A through bore 34 extends
through a lower portion of the body portion 30 and centrally
through the tubular extension 32. The bore 34 is sized and
shaped to slidingly receive the cord 22 and when assembled
with a remainder of the assembly 1 extends along the axis A.
The body portion 30 includes an outer side and lower surface
36 that is substantially U-shaped in cross-section, being sized
and shaped to fit within a U-shaped opening of the bone screw
25 as will be described in greater detail below. A substantial
portion of the surface 36 terminates at an upper planar surface
38, with the U-shaped surface extending on either side of the
planar surface 38 into upwardly extending arms or flanges 40
and 42. Inner surfaces 44 and 46 of the respective arms 40 and
42 form a discontinuous cylindrical wall sized and shaped to
receive a closure top of the bone screw 25 as will be described
in greater detail below. The planar surface 38 is also a seating
surface for the bone screw closure top. As will be described in
greater detail below, the arms 40 and 42 and the U-shaped
body 36 are sized and shaped to fit within the receiver of the
bone screw 25 and resist rotation and other forces placed on
the sleeve 5. However, it is noted that in some embodiments,
the sleeve 5 may be substantially cylindrical in outer form and
thus receivable within a variety of fixed or polyaxial screw
heads, such as will be described below with respect to FIGS.
45-95. In the embodiment illustrated in FIGS. 1-44, the arms
40 and 42 that are received within the polyaxial screw 25
terminate at respective upper planar surfaces 48 and 50. The
arms 40 and 42 further include respective substantially planar
outer or end surfaces 52 and 54, such surfaces being opera-
tively flush with surfaces of the bone screw 25 as will be
described more fully below. The outer surface 52 is also an
end surface of the sleeve 5, extending from the arm 40 top
surface 48 downwardly and around the bore 34 and running
adjacent and perpendicular to the U-shaped outer surface 36.
The surface 52 is adjacent to a flared or beveled surface 53
that defines an opening of the bore 34. The outer surface 54 is
adjacent to a tapered surface 55 that extends toward and
terminates at a first cylindrical surface 56 of the tubular exten-
sion 32. The outer cylindrical surface 56 terminates at a
radially extending annular wall 58 that is perpendicular
thereto. The wall 58 terminates at a second substantially
cylindrical surface 60 of greater outer diameter than the cylin-
drical surface 56. The surface 60 terminates at an annular
inwardly tapering beveled surface 62. The bevel 62 is adja-
cent to a planar annular end surface 64 that is disposed per-
pendicular to the cylindrical surface 60. The surface 64 is
adjacent to a flared or beveled surface 65 that defines an
opening of the bore 34. The surfaces 56, 58 and 60 provide a
push-on connective element for attachment to inner surfaces
of the spacer 12 as will be described in greater detail below.
The sleeve 5, as well as the sleeve 7, the liner 13 and the cord
blocker 18 with set screw 19 may be made from a variety of
inelastic materials, including, but not limited to metals, metal
alloys, including cobalt chromium, and inelastic plastics
including, but not limited to plastic polymers such as poly-
etheretherketone (PEEK), ultra-high-molecular weight-poly-
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ethylene (UHMWP), polyurethanes and composites, includ-
ing composites containing carbon fiber and layers of different
materials.

[0169] With particular reference to FIGS. 4 and 13-17, the
spacer 12 is substantially cylindrical and tubular in form,
having an outer cylindrical surface 70 and an inner, graduated
through bore, generally 72. The spacer 12 has opposed sub-
stantially planar annular end surfaces 74 and 76. The bore 72
is defined in part by a first inner cylindrical surface 78 that
begins at the surface 76 and extends substantially along a
length of the spacer 12. The surface 78 closely receives the
inner liner 13 thereon. In fact, the spacer 12/liner 13 combi-
nation is typically assembled or manufactured with the liner
13 being fixed to the surface 78 such that a surgeon receives
the spacer 12/liner 13 combination already assembled and
ready for the surgeon to cut the spacer 12/liner 13 combina-
tion to a desired length near the end 76 as will be described in
greater detail below. Adjacent the end 74, the spacer 12
includes a flared or beveled opening surface 80 extending to
an inner cylindrical surface 82 having an inner diameter
smaller than the cylindrical surface 78. A third inner cylin-
drical surface 84 is located between the surface 82 and the
surface 78, the surface 84 having a diameter larger than the
surface 82 and smaller than the surface 78. A curved transition
surface 86 spans between the cylindrical surfaces 82 and 84
and a curved transition surface 88 spans between the cylin-
drical surfaces 84 and 78. Portions of the transition surfaces
86 and 88 are substantially perpendicular to the cylindrical
surfaces 78, 82 and 84. As will be described in greater detail
below, when the spacer 12/liner 13 combination is pushed
onto the tubular extension 32 of the sleeve 5 during assembly,
the flared surface 80 of the spacer engages the tapered surface
55 of the sleeve, the inner cylindrical surface 82 engages the
outer cylindrical surface 56 of the sleeve, the surface 86 ofthe
spacer engages the surface 58 of the sleeve, and the inner
cylindrical surface 84 of the spacer engages the outer cylin-
drical surface 60 of the tubular extension 32. As best shown in
FIG. 37, the close fit between the spacer inner cylindrical
surfaces 82 and 84 and the tubular extension 32 of the sleeve
5, provide a secure, fixed positioning of the spacer 12 with
respect to the sleeve 5 along the axis A, prohibiting the spacer
12 from being pulled away from the sleeve surface 54 during
spinal movement. However, some relative rotational move-
ment between the spacer 12 and the sleeve 5 about the axis A
is possible, allowing for some twist or turn, providing some
relief for torsional stresses. The spacer 12 is typically elastic
and made from a plastic, for example, a thermoplastic elas-
tomer made from a polyurethane or polyurethane blend, such
as a polycarbonate urethane.

[0170] Withparticularreference to FIGS. 9-12, the optional
inelastic liner 13 is substantially cylindrical and tubular in
form, having an outer cylindrical surface 90 and an inner
cylindrical through bore 92. The liner 13 has opposed annular
end surfaces 94 and 96. As best shown in FIG. 37, the end
surface 94 abuts against the annular surface 88 of the spacer
12 and the outer cylindrical surface 90 is adhered or otherwise
fixed to the inner cylindrical surface 78 of the spacer 12. The
end surface 96 is disposed flush to the end surface 76 of the
spacer 12, these surfaces being the cut-to-length side of the
spacer 12/liner 13 combination as will be described in greater
detail below. As previously stated, although shown as a sepa-
rate part or element in the drawings, when used, the optional
liner 13 is typically provided pre-assembled within the spacer
12. The liner 13 may be made from a variety of non-elastic
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materials, including metals, metal alloys and some plastics,
with cobalt chromium being a preferred material. The inner
cylindrical surface 92 is sized and shaped to slidingly receive
a tubular extension of the inelastic sleeve 7 as will be
described in greater detail below.

[0171] With particular reference to FIGS. 18-22, the sleeve
7 includes a body portion 99 generally sized and shaped for
being received within the polyaxial bone screw 25 and a
tubular extension 100 sized and shaped to be slidingly
received in the spacer 12/liner 13 combination. The illustrated
body portion 99 and tubular extension 100 are integral or
otherwise fixed to one another. More than one size of sleeve 7
is typically provided to the surgeon, the sleeves 7 differing
only in the length of the tubular extension 100, so as to
appropriately match the size of the patient’s spine. A through
bore 104 extends through a lower portion of the body portion
99 and centrally through the tubular extension 100. The bore
104 is sized and shaped to slidingly receive the cord 22 and
when assembled with a remainder of the assembly 1 extends
along the axis A. The body portion 99 includes an outer side
and lower surface 106 that is substantially U-shaped in cross-
section, being sized and shaped to fit within a U-shaped
opening of the bone screw 25 as will be described in greater
detail below. A substantial portion of the surface 106 termi-
nates at an upper planar surface 108, with the U-shaped sur-
face extending on either side of the planar surface 108 into
upwardly extending arms or flanges 110 and 112. Inner sur-
faces 114 and 116 of the respective arms 110 and 112 form a
discontinuous cylindrical wall sized and shaped to receive a
closure top ofthe bone screw 25 as will be described in greater
detail below. The planar surface 108 is also a seating surface
for the bone screw closure top. As will be described in greater
detail below, the arms 110 and 112 and the U-shaped body
106 are sized and shaped to fit within the receiver of the bone
screw 25 and resist rotation and other forces placed on the
sleeve 7. However, it is noted that in some embodiments, the
sleeve 7 may be substantially cylindrical in outer form and
thus receivable within a variety of fixed or polyaxial screw
heads. In the illustrated embodiment, the arms 110 and 112
that are received within the polyaxial screw 25 terminate at
respective upper planar surfaces 118 and 120. The arms 110
and 112 further include respective substantially planar outer
or end surfaces 122 and 124, such surfaces being operatively
flush with side surfaces of the bone screw 25 as will be
described more fully below. The outer surface 124 is also an
end surface of the sleeve 7, extending from the arm 112 top
surface 120 downwardly and around the bore 104 and running
adjacent and perpendicular to the U-shaped outer surface 106.
The surface 124 is adjacent to a flared or beveled surface 125
that defines an opening of the bore 104. The outer surface 122
is adjacent to a tapered surface 126 that extends toward and
terminates ata cylindrical surface 127 of the tubular extension
100. The outer cylindrical surface 127 extends toward an
annular planar end surface 128 that is perpendicular thereto.
A beveled surface 130 spans between the cylindrical surface
127 and the end surface 128. The end surface 128 terminates
at an inner flared surface 131, the surface 131 defining an
opening of the bore 104. Upon assembly with the spacer
12/liner 13 combination, the cylindrical surface 127 is in
slidable relationship with the inner surface of the liner 13
defining the through-bore 92. As stated above, a desirable
material for both the liner 13 and the tubular extension 100 is
cobalt chromium. Furthermore, in some embodiments of the
invention, in order to have low or no wear debris, the liner 13
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inner surface and the outer surface 127 of the tubular exten-
sion 100 may be coated with an ultra thin, ultra hard, ultra
slick and ultra smooth coating, such as may be obtained from
ion bonding techniques and/or other gas or chemical treat-
ments. It is further noted that inner surfaces of the sleeves 5
and 7 that receive the cord 22 may also be likewise coated to
provide a slick, low to no wear debris interface with the cord
22.

[0172] With particular reference to FIGS. 4 and 23-26, the
bumper 16 is substantially cylindrical and tubular in form,
having an outer cylindrical surface 140 and an inner, gradu-
ated through bore, generally 142. The bumper 16 has opposed
substantially planar annular end surfaces 144 and 146. The
bore 142 is defined in part by a first inner cylindrical surface
148 that begins at the surface 146. The surface 148 closely
receives a tubular extension of the cord blocker 18 as will be
described in greater detail below. Adjacent the end 144, the
bumper 16 includes a flared or beveled opening surface 150
extending to an inner cylindrical surface 152 having an inner
diameter smaller than a diameter of the inner cylindrical
surface 148. A curved transition surface 156 spans between
the cylindrical surfaces 152 and 148. A substantial portion of
the surface 156 is disposed perpendicular to the cylindrical
surfaces 152 and 148. The bumper 16 is elastic and may be
made from a variety of compressible and stretchable materi-
als, including, but not limited to natural or synthetic elas-
tomers such as polyisoprene (natural rubber), and synthetic
polymers, copolymers, and thermoplastic elastomers, for
example, polyurethane elastomers such as polycarbonate-
urethane elastomers. In order to have low or no wear debris,
the bumper 16 inner surface may also be coated with an ultra
thin, ultra hard, ultra slick and ultra smooth coating, such as
may be obtained from ion bonding techniques and/or other
gas or chemical treatments.

[0173] With particular reference to FIGS. 27-30, the cord
blocker 18 and cooperating set screw 19 are shown. The
blocker 18 includes a body portion 159 and a tubular exten-
sion 160 sized and shaped to be slidingly received in the
bumper 16 at the inner cylindrical surface 148. The illustrated
body portion 159 and tubular extension 160 are integral or
otherwise fixed to one another. A through bore 164 extends
through a lower portion of the body portion 159 and centrally
through the tubular extension 160. The bore 164 is sized and
shaped to receive the cord 22 and when assembled with a
remainder of the assembly 1 extends along the axis A. The
body portion 159 includes an outer side and lower surface 166
that is substantially U-shaped in cross-section, however, the
surface 166 may have a variety of outer geometries, including
cylindrical or of other curved or polygonal cross-sections.
The surface 166 terminates at an upper planar surface 168.
Formed in the surface 168 is a threaded bore 170 sized and
shaped to receive and threadably mate with the set screw 19.
The threaded bore 170 communicates with the through bore
164 and is substantially perpendicular thereto. Near the inter-
section of the bore 164 and the threaded bore 170, a surface
172 partially defining the bore 164 includes a depression 174,
sized and shaped for receiving the cord 22 therein when the
set screw 19 engages the cord 22 as will be described in
greater detail below. The blocker 18 further includes opposed
substantially planar end surfaces 176 and 178. The end sur-
face 176 is also the end surface of the tubular extension 160
that has an outer cylindrical surface 180. The end surface 178
is also the end surface of the body 159. The body further
includes a substantially annular planar end surface 182 adja-



US 2015/0025577 A9

cent the tubular extension 160. In operation, the end surface
146 of the bumper 16 abuts against the end surface 182.

[0174] The set screw 19 includes a threaded body 184 hav-
ing a concave or domed bottom surface 186 and a substan-
tially cylindrical head 188. Formed in the cylindrical head
188 is an inner drive 189 sized and shaped to receive a driving
tool for rotating and advancing the set screw 19 into the
blocker 18 at the threaded bore 170. Specifically, the threaded
body 184 mates under rotation with the threaded bore 170.
The set screw 19 and blocker 18 are sized and shaped to have
a limited travel or stop such that when the set screw 19 is
rotated into the bore 170 and extends into the bore 164, the set
screw 19 locks and cannot be advanced any further at a
desired location wherein the cord 22 is frictionally held firmly
and snugly in place between the domed bottom 186 and the
concave or depressed surface 174 without damaging or
destroying the cord 22.

[0175] With reference to FIG. 31a, it is noted that the
blocker 18 and set screw 19 combination is typically provided
with the bumper 16 pre-attached thereto and handled as a unit
assembly. Thus, prior to being received by the surgeon, the
bumper 16 is wedged and in some cases adhered or otherwise
fixed onto the tubular extension 160 at the factory, with the
surface 148 of the bumper frictionally engaging the surface
180 of the blocker 18 and the surface 146 of the bumper 16
abutting against and fixed to the surface 182 of the blocker 18.

[0176] With particular reference to FIG. 4, the illustrated
cord 22 includes an elongate body 190 with an enlarged end
192 and an opposed cut-to-length end 194. The enlarged end
192 may be created by heating the cord 22 to melt the cord and
create the enlarged end 192 that abuts against the surface 52 of
the sleeve 5 and is too large to enter the bore 34. Alternatively
an outer pin or knob (not shown) may be fixed to the cord 22.
In other embodiments of the invention a blocker and set screw
combination, similar to the blocker 18 and set screw 19 may
beused to fix the cord 22 outside of the sleeve 5 and thus allow
the cord 22 to be in slidable relationship with the sleeve 5. The
cord 22 may be made from a variety of materials, including
polyester or other plastic fibers, strands or threads, such as
polyethylene-terephthalate. A cord according to the invention
typically does not illustrate elastic properties, such as any
significant additional axial distraction and lengthening after
the assembly 1 is operatively assembled and the cord is ten-
sioned. However, it is foreseen that in some embodiments, the
cord 22 may be made of an elastic or semi-elastic material,
such as a plastic or rubber (natural or synthetic) having at least
some elastic properties, allowing for some further distraction
of the assembly 1 during operation thereof.

[0177] With particular reference to FIGS. 31-37 the refer-
ence number 25 generally represents a polyaxial bone screw
apparatus or assembly in accordance with the present inven-
tion operably utilized by implantation into a vertebra (not
shown) and in conjunction with the connecting member
assembly 1 of the invention. The bone anchor assembly 25
generally includes a shank 206, a receiver 207, a retainer
structure orring 208, a lower pressure insert 209 and a closure
structure or top 210.

[0178] The shank 206 is elongate and has an upper body
portion 214 integral with a lower body portion 215, ending in
a tip 216. The shank body 215 has a helically wound bone
implantable thread 217 extending from near the tip 216 to
near the top 218 of the lower body 215 and extending radially
outward therefrom. During use, the body 215 utilizing the
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thread 217 is implanted into a vertebra. The shank 206 has an
elongated axis of rotation generally identified by the refer-
ence letter A'.

[0179] Axially extending outward and upward from the
shank body 215 is a neck 220, typically of reduced radius as
compared to the adjacent top 218 of the body 215. Further
extending axially and outwardly from the neck 220 is the
shank upper portion 214 operably providing a connective or
capture structure free from the bone or vertebra for joining
with the receiver 207. The shank upper portion or capture
structure 214 has a radially outer cylindrical surface 222. The
cylindrical surface 222 has at least one non-helically wound
and radially outward extending projection or spline 224 that
extends beyond the surface 222. In the embodiment shown,
the shank upper portion 214 has three such splines 224. It is
noted that bone anchors of the invention have at least one and
up to a plurality of splines 224. Preferably, the bone anchor
includes from one to four splines. The splines 224 are located
near and extend outwardly from an upper edge 225 of the
shank upper portion cylindrical surface 222 and are equally
circumferentially centered and spaced thereabout so as to be
centered at approximately 120 degree intervals relative to
each other. Each of the splines 224 has a substantially trian-
gular shaped profile and a front wedge forming face 227 that
slopes downwardly and radially inwardly from near the upper
edge 225. Adjacent the upper edge 225 is a centrally located,
axially extending and upwardly directed convex annular pro-
jection or dome-shaped upper end 229 that is centrally radi-
used. Each of the splines 224 includes an upper surface 230
that is adjacent to and extends from the upper end surface 229,
having the same radius as the upper end surface 229. Also
formed in the shank upper portion 214 within an annular rim
228 of the end surface 229 is a tool engagement aperture 231
for engagement by a tool driving head (not shown) that is
sized and shaped to fit into the aperture for both driving and
rotating the shank 206 into a vertebra. In the illustrated
embodiment, the aperture 231 is star-shaped and runs parallel
to the axis A'". It is foreseen that various sizes, shapes and
numbers of apertures, slots or the like may be utilized in
accordance with the invention for engaging a driving tool of
suitable and similar mating shape. The illustrated shank 206
is cannulated, having a through bore extending an entire
length of the shank 206 along the axis A'. The bore is defined
by aninner cylindrical wall of the shank 206 and has a circular
opening at the shank tip 206 and an upper opening commu-
nicating with the internal drive feature 231. The bore provides
a passage through the shank 206 interior for a length of wire
(not shown) inserted into the vertebra (not shown) prior to the
insertion of the shank body 215, the wire providing a guide for
insertion of the shank body 215 into the vertebra (not shown).

[0180] To provide a biologically active interface with the
bone, the threaded shank body 215 may be coated, cannu-
lated, perforated, made porous or otherwise treated. The treat-
ment 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
metal coatings act as a scaffold for bone ingrowth. Bio-ce-
ramic calcium phosphate coatings include, but are not limited
to: alpha-tri-calcium phosphate and beta-tri-calcium phos-
phate (Ca;(PO,),, tetra-calcium phosphate (Ca,P,0,), amor-
phous calcium phosphate and hydroxyapatite (Ca,,(PO,)
(OH),). Coating with hydroxyapatite, for example, is
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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.

[0181] The receiver 207 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 include other geometrical configurations.
Side surfaces of the receiver 207 that engage the spacer 12
and/or the bumper 16 are preferably planar. A receiver axis of
rotation B' is aligned with the axis of rotation A' of the shank
206 during assembly of the receiver 207 with the shank 206
and the retainer 208. After the receiver 207 is pivotally con-
nected to the shank 206, and such assembly 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 206.

[0182] The receiver 207 has a base 233 with a pair of
upstanding arms 234 and 235 forming a U-shaped channel
238 between the arms 234 and 235 having a lower seat 239.
Opposed planar side surfaces 236 and 237 define the channel
238 and extend upwardly from the base 233 and to top sur-
faces 240 of the arms. The insert 209 that is disposed within
the receiver 207 is sized and shaped to closely receive the
sleeve 5 or the sleeve 7 at the respective U-shaped surfaces 36
and 106. When assembled, the sleeve arms 40 and 42 and 110
and 112 lie flush with the side surfaces 236 and 237, advan-
tageously providing a full support for the spacer 12 and/or the
bumper 16 at abutting ends thereof. Each of the arms 234 and
235 has an interior surface 241 that includes a partial helically
wound guide and advancement structure 242. In the illus-
trated embodiment, the guide and advancement structure 242
is a partial helically wound flangeform that mates under rota-
tion with a similar structure on the closure top 210, as
described below. However, it is foreseen that the guide and
advancement structure 242 could alternatively be a buttress
thread, a reverse angle thread or other thread like or non-
thread like helically wound advancement structures for oper-
ably guiding under rotation and advancing the closure top
between the arms 234 and 235. Also, non-helically wound
closure tops or caps are foreseen. Tool engaging apertures 244
are formed on the outsides of the arms 234 and 235 for
holding the receiver 207 during certain assembly steps and/or
implantation of the assembly and also for access to a thin
deformable wall 245 during assembly with the pressure insert
209.

[0183] A chamber or cavity 247 is located within the
receiver base 233 that opens upwardly into the U-shaped
channel 238. The cavity 247 includes a partial spherical
shaped surface 248, at least a portion of which forms a partial
internal hemispherical seat for the retainer 208, as is
described further below. A lower neck 250 defining a lower
bore further communicates between the cavity 247 and the
bottom exterior of the base 233 and is coaxial with the rota-
tional axis B' of the receiver 207. The neck 250 at least
partially defines a restriction having a radius which is smaller
than the radius of the retainer 208, so as to form a restrictive
constriction at the location of the neck 250 relative to the
retainer 208 to prevent the retainer 208 from passing between
the cavity 247 and the lower exterior of the receiver 207. In an
upper portion of the cavity 247, is a substantially cylindrical
surface 252 that includes a run-out surface 253 located
directly beneath the guide and advancement structure 242.
With particular reference to FIGS. 33-36, formed in the sur-
face 253 under the structure 242 of both of the arms 234 and
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235 is a recess 254 partially defined by a stop or abutment wall
255. As will be described in greater detail below, the cooper-
ating compression insert 209 includes a protruding structure
294 on each arm thereof that abuts against the respective wall
255 of each of the receiver arms, providing a centering stop
when the insert 209 is rotated into place as will be described
below.

[0184] The retainer 208 is substantially ring-shaped and
has an operational central axis which is the same as the
elongate axis A' associated with the shank 206, but when the
retainer 208 is separated from the shank 206, the axis of
rotation is identified as axis C'. The retainer 208 has a central
bore 257 that passes entirely through the retainer 208 from a
top surface 258 to a bottom surface 259 thereof. The bore 257
is sized and shaped to fit snugly, but slidably over the shank
capture structure cylindrical surface 222 in such a manner as
to allow sliding axial movement therebetween under certain
conditions, as described below. Three axially aligned chan-
nels 260 are spaced from the axis C' and extend radially
outward from the bore 257 and into the wall of the retainer
208 so as to form three top to bottom grooves or slots therein.
Backs of the channels 260 are the same radial distance from
the axis C' as the distance the outermost portion of the splines
224 extend from the axis A' of the shank 206. The channels
260 are also circumferentially angularly spaced equivalent to
and have a width that corresponds with the splines 224. In this
manner, the shank upper portion 214 can be uploaded into the
retainer 208 by axially sliding the shank upper portion 214
through the retainer 208 central bore 257 whenever the
splines 224 are aligned with the channels 260 or are in an
aligned configuration. The details of assembly and subse-
quent cooperation between the shank 206, the retainer 208
and the receiver 207 are similarly described in Applicant’s
U.S. Pat. No. 6,716,214 issued Apr. 6, 2004, the entire dis-
closure of which is incorporated by reference herein.

[0185] The retainer 208 also has three capture partial slots,
receivers or recesses 262 which extend radially outward from
the upper part of the bore 257 and that do not extend the entire
length from top to bottom of the retainer 208, but rather only
open on the top surface 258 and extend partly along the height
of the retainer 208 thereof. The recesses 262 are sized and
positioned and shaped to receive the splines 224 from above
when the splines 224 are in a non-aligned configuration rela-
tive to the channels 260. That is, each of the recesses 262 has
awidth that approximates the width of the splines 224 and has
amating wedge engaging surface 264 that is shaped similar to
the spline wedge forming faces 227, so that the splines 224
can be slidably received into the recesses 262 from above by
axially translating or moving the shank 206 downward rela-
tive to the retainer ring 208 when the splines 224 are posi-
tioned above the recesses 262 in a recess aligned configura-
tion. In some embodiments, the wedge engaging faces 264
slope slightly greater than the wedge forming faces 227 on the
splines 224 so that there is additional outward wedging that
takes place when the splines 224 are urged downwardly into
the recesses 262.

[0186] In this manner the shank upper portion 214 can be
uploaded or pushed upwardly through the retainer central
bore 257 so as to clear the top 258 of the retainer ring 208,
rotated approximately 60 degrees and then downloaded or
brought downwardly so that the splines 224 become located
and captured in the recesses 262. Once the splines 224 are
seated in the recesses 262 the shank 206 cannot move further
axially downward relative to the retainer ring 208. Preferably,
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the retainer 208 is constructed of a metal or other material
having sufficient resilience and elasticity as to allow the
retainer 208 to radially expand slightly outward by downward
pressure of the splines 224 on the recesses 262 under pressure
from structure above, as will be discussed further below. This
produces a slight outward radial expansion in the retainer ring
208 at the location of the recesses 262.

[0187] The retainer 208 has a radially outer partial hemi-
spherical shaped surface 265 sized and shaped to mate with
the partial spherical shaped surface 248 and having a radius
approximately equal to a radius associated with the surface
248. The retainer 208 radius is substantially larger than the
radius associated with the annular curved surface 229 of the
shank upper portion 214 and also substantially larger than the
radius of the receiver neck 250.

[0188] The lower compression or pressure insert 209
includes a substantially cylindrical body 270 integral with a
pair of upstanding arms 272. The body 270 and arms 272 form
a generally U-shaped, open, through-channel 274 having a
lower seat 276 sized and shaped to closely, snugly engage the
sleeve 5 or the sleeve 7. The arms 272 disposed on either side
of'the channel 274 extend outwardly from the body 270. The
arms 272 are sized and configured for placement near the
run-out 253 below the guide and advancement structure 242
at the receiver inner arms 234 and 235. Each of the arms 272
includes a top surface 278 ultimately located directly beneath
the guide and advancement structure 242, but are not directly
engaged by the closure top 210. However, in some embodi-
ments of the bone screw for use with other longitudinal con-
necting members, the closure top may directly engage the top
surfaces 278 for locking the polyaxial mechanism of the
assembly 25. Therefore, the assembly 1 may be used with a
wide variety of longitudinal connecting members, including
the sleeves 5 and 7 or rods or other connecting members that
engage the closure top 210 and are locked into position by
such closure top 210 as well as rods of smaller diameter or, for
example cords that are captured by the closure top 210, but are
otherwise movable within the receiver 207 and are thus in
slidable or spaced relation with the closure top 210. Each arm
272 further includes a partially cylindrical outer surface 280
sized and shaped to fit within the receiver 207 at the guide and
advancement structure 242 run-out relief 253. The cylindrical
surfaces 280 are disposed substantially perpendicular to the
respective adjacent top surfaces 278. In some embodiments of
the invention recesses are formed near and/or at the top sur-
faces 278 and the surfaces that form the channel 274 to
provide relief for material flow of the longitudinal connecting
member, when, for example, the connector is made from a
deformable plastic. For example, a recessed surface or groove
may be directed downwardly and inwardly toward the chan-
nel 274. Each of the outer surfaces 280 further includes a
recess 282 sized and shaped to receive holding tabs or
crimped material from the receiver 207. For example, the thin
walls 245 of the receiver 207 are pressed into the recesses 282
to prevent counter-clockwise rotation of the insert 209 about
the axis B' with respect to the receiver 207. In other embodi-
ments of the invention, the receiver 207 may be equipped with
spring tabs that snap into the recesses 282 to hold the insert
209 in place with respect to counter-clockwise rotation. The
recesses 282 are preferably oval or elongate such that some
desirable upward and downward movement of the insert 209
along the axis B' of the receiver 207 is not prohibited. As
previously described herein the compression insert 209 arms
each include the protruding structure 294 located on opposite
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sides of the arms such that when the insert 209 is dropped
down into the receiver 207 as shown by the arrow M in FIG.
35 and then rotated into place in a clockwise direction as
shown by the arrow N in FIG. 36, the structure 294 abuts the
wall 255 of the recessed area 254 when the insert is in a
desired centered location with the apertures 282 in alignment
with the apertures 244.

[0189] The compression insert 209 further includes an
inner cylindrical surface 284 that forms a through bore sized
and shaped to receive a driving tool (not shown) therethrough
that engages the shank drive feature 231 when the shank body
215 is driven into bone. The inner surface 284 runs between
the seating surface 276 and an inner curved, annular, radiused
or semi-spherical surface 286. The surface 286 is sized and
shaped to slidingly and pivotally mate with and ultimately fix
against the annular domed surface 229 of the shank upper
portion 214. Thus, a radius of the surface 286 is the same or
substantially similar to the radius of the surface 229. The
surface 286 may include a roughening or surface finish to aid
in frictional contact between the surface 286 and the surface
229, once a desired angle of articulation of the shank 206 with
respect to the receiver 207 is reached. Adjacent to the inner
surface 286 is a bottom rim or edge 288. Adjacent to the outer
cylindrical surface 280 of the arms 272 is a substantially
frusto-conical surface 290 that extends inwardly toward the
lower rim 88. The surface 290 includes portions of the arms
272 as well as partially defining the pressure insert body 270.

[0190] The pressure inset body 270 located between the
arms 272 has an outer diameter slightly smaller than a diam-
eter between crests of the guide and advancement structure
242 of the receiver 207 allowing for top loading of the com-
pression insert 209 into the receiver 207 through the
U-shaped channel 238, with the arms 272 being located
between the arms 234 and 235 during insertion of the insert
209 into the receiver 207 (see FIG. 35). As explained above,
once located between the guide and advancement structure
242 and the shank upper portion 214, the insert 209 is rotated
into place about the axis B' until the arms 272 are directly
below the guide and advancement structure 242 at or near the
run-out 253 and the structure 294 abuts against the wall 255 of
the recess 254. After the insert 209 is rotated into such posi-
tion, a tool (not shown) may be inserted into the receiver
apertures 244 to press the thin receiver walls 245 into the
insert recesses 282. The lower compression insert 209 is sized
such that the insert 209 is ultimately received within the
cylindrical surface 252 of the receiver 207 below the guide
and advancement structure 242. The receiver 207 fully
receives the lower compression insert 209 and blocks the
structure 209 from spreading or splaying in any direction. Itis
noted that assembly of the shank 206 with the retainer 208
within the receiver 207, followed by insertion of the lower
compression insert 209 into the receiver 207 are assembly
steps typically performed at the factory, advantageously pro-
viding a surgeon with a polyaxial bone screw with the lower
insert 209 already held in alignment with the receiver 207 and
thus ready for insertion into a vertebra.

[0191] The compression or pressure insert 209 ultimately
seats on the shank upper portion 214 and is disposed substan-
tially in the upper cylindrical portion 252 of the cavity 247,
with the receiver deformable walls 245 engaging the insert
209 at the recesses 282, thereby cooperating with the walls
255 of the recesses 254 to hold the insert 207 in desired
alignment.
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[0192] The closure structure or closure top 210 can be any
of a variety of different types of closure structures for use in
conjunction with the present invention with suitable mating
structure on the upstanding arms 234 and 235. In the embodi-
ment shown, the closure top 210 is rotatably received between
the spaced arms 234 and 235 of the receiver 207. The illus-
trated closure structure 210 is substantially cylindrical and
includes an outer helically wound guide and advancement
structure 295 in the form of a flange form that operably joins
with the guide and advancement structure 242 of the receiver
207. The flange form utilized in accordance with the present
invention may take a variety of forms, including those
described in Applicant’s U.S. Pat. No. 6,726,689, which is
incorporated herein by reference. It is also foreseen that
according to the invention the closure structure guide and
advancement structure could alternatively be a buttress
thread, a square thread, a reverse angle thread or other thread
like or non-thread like helically wound advancement struc-
ture for operably guiding under rotation and advancing the
closure structure 210 downward between the arms 234 and
235 and having such a nature as to resist splaying of the arms
234 and 235 when the closure structure 210 is advanced into
the channel 238. The illustrated closure structure 210 also
includes a top surface 296 with an internal drive 297 in the
form of an aperture that is illustrated as a star-shaped internal
drive, but may be, for example, a hex-shaped drive or other
internal drives, including, but not limited to slotted, tri-wing,
spanner, two or more apertures of various shapes, and the like.
A driving tool (not shown) sized and shaped for engagement
with the internal drive 297 is used for both rotatable engage-
ment and, if needed, disengagement of the closure 210 from
the receiver arms 234 and 235. It is also foreseen that the
closure structure 210 may alternatively include a break-off
head designed to allow such a head to break from a base of the
closure at a preselected torque, for example, 70 to 140 inch
pounds. Such a closure structure would also include a base
having an internal drive to be used for closure removal. A
bottom surface 298 of the closure top 210 is planar and is
sized and shaped to mate with the sleeve 5 or the sleeve 7 at
respective planar surfaces 38 and 108.

[0193] The closure top 210 may further include a cannula-
tion through bore extending along a central axis thereof and
through a surface of the drive 297 and the bottom surface 298.
Such a through bore provides a passage through the closure
210 interior for a length of wire (not shown) inserted therein
to provide a guide for insertion of the closure top into the
receiver arms 234 and 235.

[0194] When the polyaxial bone screw assembly 201 is
placed in use in accordance with the invention the retainer 208
is normally first slid through the receiver U-shaped channel
238 and into and seated in the receiver cavity 247. Thereafter,
the retainer 208 is rotated 90 degrees so as to be coaxial with
the receiver 207 and so that the retainer outer surface 265
snugly, but slidably mates with the receiver interior spherical
shaped surface 248. The retainer 208 in the receiver 207 is
then slid over the shank upper portion 214 so that the splines
224 slide upwardly through and above respective channels
260 so that the splines 224 are then located, at least partially,
in the U-shaped channel 238 and chamber 247 above the
retainer ring 208. The shank 206 is then rotated 60 degrees
relative to the receiver about the axis A' and the translational
direction of the shank 206 is reversed so that it goes down-
wardly or axially with respect to the receiver 207, and the
splines 224 enter the recesses 262. At this point there is no
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substantial outward or downward pressure on the retainer 208
and so the retainer 208 is easily rotatable along with the shank
206 within the chamber 247 and such rotation is of a ball and
socket type wherein the angle of rotation is only restricted by
engagement of the neck 220 with the neck 250 of the receiver
207.

[0195] Then, the insert 209 is inserted into the channel 238
with the arms 272 aligned in the channel 238 between the
guide and advancement structures 242. The insert 209 is then
moved downwardly in the channel 238 and toward the cavity
247. With reference to FIGS. 35-36, once the arms 272 are
located generally below the guide and advancement structure
242 and adjacent the run-out relief 253, the insert 209 is
rotated 90 degrees in a clockwise direction about the axis B' of
the receiver 207. The arms 272 fit within the cylindrical walls
252 above the cavity 247. Once the structures 294 abut against
the walls 255, the arms 272 are desirably located directly
below the guide and advancement structures 242, rotation is
ceased and a tool (not shown) is used to press the thin walls
245 of the receiver 207 into the recesses 282 of the insert 209.
The insert 209 is now locked into place inside the receiver 207
with the guide and advancement structures 242 prohibiting
upward movement of the insert out of the channel 238.
[0196] As illustrated in FIGS. 32 and 37, the insert 209
seats on the shank upper portion 214 with the surface 286 in
sliding engagement with the surface 229. The run-out or relief
253 is sized and shaped to allow for some upward and down-
ward movement of the insert 209 toward and away from the
shank upper portion 214 such that the shank 206 is freely
pivotable with respect to the receiver 207 until the closure
structure 210 presses on the sleeve 5 or the sleeve 7 that in turn
presses on the insert 209 that in turn presses upon the upper
portion 214 into locking frictional engagement with the
receiver 207 at the surface 248.

[0197] The resulting assembly is then normally screwed
into a bone, such as vertebra, by rotation of the shank 206
using a suitable driving tool (not shown) that operably drives
and rotates the shank 206 by engagement thereof at the inter-
nal drive 231. Normally, the receiver 207, retainer 208 and
insert 209 are assembled on the shank 206 before placing the
shank 206 in the vertebra, but in certain circumstances, the
shank 206 can be first implanted with the capture structure
214 extending proud to allow assembly and then the shank
206 can be further driven into the vertebra.

[0198] The assembly 1 may be assembled as follows: First,
after the two bone screws 25 are implanted, the distance
between the screws is measured. Thereafter, the spacer/liner
combination 10 is cut to a desired length based upon the
measurement made between the bone screws. As described
above, the spacer 12 and the liner 13 that form the spacer/liner
combination 10 are typically assembled at the factory, with
the liner 13 being fixed to the spacer 12 along the spacer inner
cylindrical surface 72. The spacer/liner combination 10 is cut
at the spacer end 76 (that is also the liner end 96) that is
opposite the graduated end of the spacer 12. A tool (not
shown), similar to a pipe cutter is usually used to rotate and
cut the spacer/liner combination 10 to the desired length. Also
at this time, in view of the resulting spacer/liner 10 length, a
sleeve 7 of a desired size is chosen. Because the sleeve 7 is
made from a hard material, typically a metal or metal alloy, it
is not practical to cut the tube portion 100 of the sleeve 7to a
desired length during the surgical procedure. Therefore, a
variety of sleeves 7 are typically provided to end users having
at least three different tube portion 100 lengths.
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[0199] With particular reference to FIG. 4, the sleeve 5 is
then slid onto the cord 22 at the cord end 194, with the end 194
being inserted into the through bore 34 at the sleeve end 52
and out the sleeve end 64. The sleeve 5 is then fed along the
cord 22 until the sleeve end 52 is adjacent the enlarged cord
end 192. It is noted that the cord 22 is typically much longer
than shown in the drawing figures and then cut to length near
the end 194 after being fully assembled with the remaining
elements of the assembly 1, tensioned and fixed to the blocker
18. After the sleeve 5 is in place on the cord 22, the spacer/
liner combination 10 (or optionally, the spacer without a
liner) is loaded with the cord end 194 being inserted into the
flared opening 80 at the end 74, the inner cylindrical surface
82, the inner cylindrical surface 84 and thereafter, the liner
bore 92 and out the liner end 96 and spacer end 76. The
spacer/liner combination 10 is slid along the cord 22 until the
end 74 contacts the tubular extension 32 of the sleeve 5. A
tensioning device (not shown) is typically needed to push
and/or pull the spacer 12 against and over portions of the
tubular extension 32 of the sleeve 5 until the inner cylindrical
surface 82 of the spacer 12 fully engages the outer cylindrical
surface 56 of the tubular extension 32 and the inner cylindri-
cal surface 84 of the spacer 12 fully engages the outer cylin-
drical surface 60 of the tubular extension 32. At this time the
sleeve end 64 is abutting against the spacer end surface 74 and
in fixed relation thereto. However, both the spacer/liner com-
bination 10 and the now attached sleeve 5 are in sliding
relationship with the cord 22. It may be necessary to warm the
spacer 12 prior to assembly with the tubular extension 32 to
allow for stretching and expansion of the spacer 12 graduated
inner surface (surfaces 80, 82, 84, and 86) to fit about the knob
defined by the tubular extension annular wall 58 and cylin-
drical surface 60. The sleeve 7 is then loaded with the cord end
194 being inserted into the through bore 104 at the opening
surface 131 near the end 128 and out the opening 125 at the
end surface 124. The sleeve 7 is then slid along the cord 22
with the tubular extension 100 sliding into the liner bore 92.
Thereafter, the blocker 18 with pre-attached bumper 16 and
loosely mated set screw 19 (as shown in FIG. 30q) is loaded
onto the cord 22 with the cord end 194 being inserted into the
bumper bore 152 at the opening 150 located near the bumper
end 144 and exiting the blocker bore opening near the end
surface 178. The bumper 16 and attached blocker 18 are slid
along the cord 22 until the bumper end 144 abuts against the
sleeve 7 end surface 124. The resulting assembly, similar to
what is shown in FIGS. 2 and 3 is now ready for placement in
and between the implanted bone screws 25, with the set screw
19 engaged with the cord 22 enough to prevent the elements
from slipping off of the cord 22. Unlike the illustrations of
FIGS. 2 and 3, the cord 22 is not yet tensioned and thus the
individual elements would most likely be more spread apart
along the cord more than is illustrated in the drawings figures.
Also, the cord 22 is much longer at this time so that the cord
may be grasped and tensioned after the assembly is fixed to
the bone screws 25.

[0200] The assembly 1 is implanted by inserting the sleeve
5 in to one of the bone screws 25 and the sleeve 7 into another
of'the bone screws 25. Closure tops 210 are then inserted into
and advanced between the arms 234 and 235 of each of the
receivers 207 so as to bias or push against the sleeve 5 and the
sleeve 7 at respective planar surfaces 38 and 108. A driving
tool (not shown) is inserted into each drive 297 to rotate and
drive the respective closure top 210 into the receiver 207.
Each shank dome 229 is engaged by the cooperating insert
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209 and pushed downwardly when the closure top 210 pushes
downwardly on the sleeve 5 or sleeve 7. The downward pres-
sure on the shank 206 in turn urges the splines 224 down-
wardly which exerts both a downward and outward thrust on
the retainer ring 208. Two polyaxial bone screws 25, includ-
ing the dynamic connecting member assembly 1, are shown
in FIGS. 1 and 37, illustrating various shank 206 to receiver
207 angular configurations.

[0201] A tensioning tool (not shown) known in the art is
then used to pull upon and put tension on the cord 22 near the
end 194. The cord 22 is preferably tensioned until the bumper
compresses as shown in FIGS. 1 and 37 and then the set screw
19 is rotated and driven into the blocker 18 and up against the
cord 22 using a driving tool (not shown) engaged with the
inner drive 189. The blocker 18 advantageously includes
opposed planar sides allowing for the placement of a counter-
torque tool for holding the blocker 18 during tensioning and
fixing of the cord 22 within the blocker. As explained above,
the set screw 19 and blocker 18 combination include a limited
travel feature such that the set screw 19 is locked into place at
a location that firmly holds but does not damage the cord 22.
The cord 22 is then trimmed to a desired length near the
blocker end 178.

[0202] The assembly 1 is thus substantially dynamically
loaded and oriented relative to the cooperating vertebra, pro-
viding relief (e.g., shock absorption) and protected movement
with respect to flexion, extension, distraction and compres-
sive forces placed on the assembly 1 and the two connected
bone screws 25. The outer surfaces of the arms of the sleeves
5 and 7, in particular the surface 52 of the sleeve 5 and the
surfaces 122 and 124 of the sleeve 7 are in fixed, flush rela-
tionship with the planar side surface 236 or 237 of an engaged
bone screw receiver 207, thus better supporting compression
between the spacer 12 or the bumper 16 during flexion and
extension than that provided by current open implants that are
not equipped with flush sleeves 5 or 7. It is also noted that a
problem encountered with dynamic spinal implant systems is
the need to provide adequate support with respect to bending
sheer. Most spinal movements are not purely bending move-
ments, e.g., flexion and extension. Most movements include
both bending and tension, extension or compression. Such
bending shear is not well resisted by a cord and spacer alone
that performs well in tension, but not when the tension
includes a vector force. The present invention advantageously
provides a hard, non-elastic extension 100 of a rigid sliding
sleeve body 99, the extension 100 further located within a
non-elastic liner 13 of the spacer 12. Such features protect
against vector forces while still allowing for advantageous
tension of the cord 22 as well as improved compression
provided by the outer bumper 16. The cord 22 and the sleeve
7 allow for some twisting or turning, providing some relief for
torsional stresses. Furthermore, the compressed bumper 16
and the fixed contact between the sleeve 4 and the spacer 12
as well as the fixed contact between the bumper 16 and the
blocker 18 places some limits on torsional movement as well
as bending movement, to provide spinal support. The cord 22
(in tension) and bumper 16 (in compression) allow for com-
pression and some extension of the assembly 1 located
between the two bone screws 25, e.g., shock absorption.
Another advantage of embodiments of the present invention
is that because of the inelastic sleeve extension that slides
within the typically elastic spacer located between two bone
screws, the resulting assembly 1 is more stable than a cord and
spacer alone, therefore strength of the assembly does not rely
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upon the amount of tension placed upon the cord. Therefore,
in embodiments according to the invention, itis not necessary
to place as much tension on the cord 22 as would be required
for a more traditional cord and spacer arrangement, thus
protecting the cord from damage of over stressing.

[0203] Itis also noted that in other embodiments of a con-
necting member 1 according to the invention, the sleeve 5
may be extended at the end 52 to provide a hard, non-elastic
elongate portion for attachment to an additional bone screw or
screws, if needed, to provide a connecting member with both
dynamic, elastic segments as well as a longer rigid inelastic
segment.

[0204] If removal of the assembly 1 from any of the bone
screw assemblies 25 is necessary, or if it is desired to release
the assembly 1 at a particular location, disassembly is accom-
plished by using the driving tool (not shown) with a driving
formation cooperating with the closure structure 210 internal
drive 297 to rotate and remove the closure structure 210 from
the receiver 207. Disassembly is then accomplished in reverse
order to the procedure described previously herein for assem-
bly.

[0205] Eventually, if the spine requires more rigid support,
the connecting member assembly 1 according to the invention
may be removed and replaced with another longitudinal con-
necting member, such as a solid rod or bar, having the same
width or diameter as body portions of the sleeves 5 and 7,
utilizing the same receivers 207 and the same or similar
closure structures 210. Alternatively, if less support is even-
tually required, a less rigid, more flexible assembly, for
example, an assembly 1 having a spacer 12 and bumper 16
made of a softer more compressible material than the spacer
and bumper being replaced thereby, also utilizing the same
bone screws 25.

[0206] With reference to FIG. 1a, an alternative longitudi-
nal connecting member assembly according to the invention,
generally 1a, for use with a polyaxial screw 25 and a mono-
axial or fixed screw, 254 is shown. The screw 25a cooperates
with a closure top 210a to fix a tensioned cord 22a between
the screw 25a and a blocker 18 and cooperating set screw 19
of'the invention previously described herein. The fixed screw
25a and cooperating closure 210a are the same or similar to
the respective screw 12 and closure top 14 shown and
described in U.S. patent application Ser. No. 12/661,042,
filed Mar. 10, 2010, the disclosure of which is incorporated by
reference herein. In the illustrated embodiment, the polyaxial
screw 25 engages the sleeve 7 that allows the cord 22a to slide
with respect thereto, the cord 22a being tensioned between
the screw 25a and the blocker 18. The spacer 12 of the
invention is compressible and directly engages the monoaxial
screw 25a at one end thereof and the polyaxial screw 25 at the
other end thereof. Furthermore, the spacer 12 engages the
sleeve 7 that is flush with the screw 25. The blocker 18
directly engages the surface 237 of the polyaxial screw 25.
Although the use of a bumper 16 is preferred according to the
invention, as shown in FIG. 1a, a bumper is not necessary in
some embodiments. It is also foreseen that in some embodi-
ments of the invention, the sleeves 5 and 7 may be sized to fit
entirely within a cooperating bone anchor, such that, for
example, the bumper and spacer may directly engage the
surfaces 237 of the bone screw 25, but not engage any surface
of the sleeve that is fully contained within the bone screw
receiver. In such embodiments, the sleeve may include a rim
or nub (with cooperating structure on the receiver) for keep-
ing such sleeve within the confines of the cooperating bone
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screw receiver. Such a nub or rim may also keep such a
recessed sleeve in alignment with the receiver arms and in a
position that an aperture in such a sleeve may receive a por-
tion of a closure top for gripping a cord that is slidingly
received within such a sleeve.

[0207] With reference to FIGS. 38-43, an alternative lon-
gitudinal connecting member assembly according to the
invention, generally 301, for use with three bone screws 25
includes a first sleeve 305, a second sleeve 307, a third sleeve
308, a first spacer/liner combination 310 and a second spacer/
liner combination 311. The first spacer/liner combination 310
includes an outer spacer 312 and an inner liner 313 and the
second spacer/liner combination 311 includes an outer spacer
314 and an inner liner 315. The illustrated spacer/liner com-
bination 311 is identical to the spacer/liner combination 310
with the exception of a length thereof along a central axis A".
The assembly 301 further includes a bumper 316, a cord
blocker 318 and mating set screw 319 and a cord 322. The
assembly 301 is substantially similar to the assembly 1 with
the exception of the addition of the third sleeve 308 and the
second spacer/liner combination 311. Thus, the first sleeve
305, the second sleeve 307, the first spacer/liner combination
310, the bumper 316, the cord blocker 318, the set screw 319
and the cord 322 are the same or substantially similar to the
respective first sleeve 5, second sleeve 7, spacer/liner combi-
nation 10, bumper 16, cord blocker 18, set screw 19 and cord
22 of the assembly 1 previously discussed above and thus
shall not be discussed further herein. Although only one addi-
tional sleeve 309 (and attached bone screw 25) and cooper-
ating spacer/liner 311 are illustrated in the drawings, it is
noted that the assembly 301 of the invention may be length-
ened further and adapted for use with additional bone screws
by simply adding more sleeves 309 and cooperating spacer/
liners 311 between the sleeve 305 and the sleeve 307.

[0208] With particular reference to FIGS. 40-43, the sleeve
309 includes a body portion 330 generally sized and shaped
for being received within the polyaxial bone screw 25 and a
first tubular extension 332 sized and shaped to engage and
hold the spacer 312 in fixed engagement with the sleeve 309.
The sleeve also includes a second opposed tubular extension
333 sized and shaped to be slidingly received by the spacer/
liner combination 311. The illustrated body portion 330 and
tubular extensions 332 and 333 are integral or otherwise fixed
to one another. A through bore 334 extends through a lower
portion ofthe body portion 330 and centrally through both the
tubular extensions 332 and 333. The bore 334 is sized and
shaped to slidingly receive the cord 322 and when assembled
with a remainder of the assembly 301 extends along the axis
A". The body portion 330 includes an outer side and lower
surface 336 that is substantially U-shaped in cross-section,
being sized and shaped to fit within a U-shaped opening of the
bone screw 25. A substantial portion of the surface 336 ter-
minates at an upper planar surface 338, with the U-shaped
surface extending on either side of the planar surface 338 into
upwardly extending arms or flanges 340 and 342. An optional
opening 329 (shown in phantom) may be formed in the planar
surface 338, the opening 329 sized and shaped for receiving a
portion of an alternative closure top (not shown) that is sized
and shaped to extend through the opening 329 and press
against and/or penetrate the cord portion located within the
sleeve 309, locking the cord with respect to the sleeve 309 as
will be described in greater detail herein with respect to other
embodiments of the invention (see, e.g., FIGS. 44 and 116).
Inner surfaces 344 and 346 of the respective arms 340 and 342
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form a discontinuous cylindrical wall sized and shaped to
receive a closure top of the bone screw 25. The planar surface
338 is also a seating surface for the bone screw closure top.
The arms 340 and 342 and the U-shaped body 336 are sized
and shaped to fit within the receiver of the bone screw 25 and
resist rotation and other forces placed on the sleeve 309.
However, itis noted that in some embodiments, the sleeve 309
may be substantially cylindrical in outer form and thus receiv-
able within a variety of fixed or polyaxial screw heads. In the
illustrated embodiment, the arms 340 and 342 that are
received within the polyaxial screw 25 terminate at respective
upper planar surfaces 348 and 350. The arms 340 and 342
further include respective substantially planar outer or end
surfaces 352 and 354, such surfaces being operatively flush
with the side surfaces 236 or 237 of the bone screw 25. The
outer surface 354 is adjacent to a tapered surface 355 that
extends toward and terminates at a first cylindrical surface
356 of the tubular extension 332. The outer cylindrical sur-
face 356 terminates at a radially extending annular wall 358
that is perpendicular thereto. The wall 358 terminates at a
second substantially cylindrical surface 360 of greater outer
diameter than the cylindrical surface 356. The surface 360
terminates at an annular inwardly tapering beveled surface
362. The bevel 362 is adjacent to a planar annular end surface
364 that is disposed perpendicular to the cylindrical surface
360. The surface 364 is adjacent to a flared or beveled surface
365 that defines an opening of the bore 334. The surfaces 356,
358 and 360 provide a push-on connective element for attach-
mentto inner surfaces of the spacer 312. The sleeves 305,307,
309, the liners 313 and 315 and the cord blocker 318 with set
screw 319 may be made from a variety of inelastic materials,
including, but not limited to metals, metal alloys, including
cobalt chromium, and inelastic plastics including, but not
limited to plastic polymers such as polyetheretherketone
(PEEK), ultra-high-molecular weight-polyethylene (UH-
MWP), polyurethanes and composites, including composites
containing carbon fiber and layers of different materials.

[0209] The tubular structure 333 includes a end surface 364
located adjacent to a flared or beveled surface 365 that defines
an opposite opening the bore 334. At an opposite end of the
tubular structure 333, the arm outer planar surface 352 is
adjacent to a tapered surface 366 that extends toward and
terminates ata cylindrical surface 367 of the tubular extension
333. The outer cylindrical surface 367 extends toward an
annular planar end surface 368 that is perpendicular thereto.
A beveled surface 370 spans between the cylindrical surface
367 and the end surface 368. The end surface 368 terminates
at an inner flared surface 371, the surface 371 defining an
opening of the bore 334. Upon assembly with the spacer
314/liner 315 combination, the cylindrical surface 367 is in
slidable relationship with the inner surface of the liner 315. A
desirable material for both the liner 315 and the tubular exten-
sion 333 is cobalt chromium. Furthermore, in some embodi-
ments of the invention, in order to have low or no wear debris,
the liner 315 inner surface and the outer surface 367 of the
tubular extension 333 may be coated with an ultra thin, ultra
hard, ultra slick and ultra smooth coating, such as may be
obtained from ion bonding techniques and/or other gas or
chemical treatments.

[0210] As stated above, the spacer/liner combination 311 is
identical to the spacer/liner combination 310 with the excep-
tion of length along the axis A". Thus, the spacer/liner com-
bination 311 is identical or substantially similar to the spacer/
liner combination 10 previously described herein. With
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reference to FIG. 39, during assembly, the spacer 312 is
press-fitted over the tubular extension 332 of the sleeve 309
while the spacer 314 is press fitted over the tubular extension
of'the sleeve 305. Thus, the elements are loaded onto the cord
322 as follows: the sleeve 305, followed by the spacer/liner
combination 311, followed by the sleeve 309, followed by the
spacer/liner combination 312 followed by the sleeve 307,
followed by the bumper 316 and attached blocker 318 with set
screw 319. The assembly 301 is implanted with each of the
sleeves 305, 307 and 309 being attached to a bone screw 25 as
shown in FIG. 38. After the sleeves are attached to the bone
screws 25, the cord 322 is tensioned. Thus, the fully
assembled and dynamically loaded assembly 301 allows for
translation of the receivers or heads 207 of all three of the
bone screws 25 along the tensioned cord 322 while at the
same time all three sleeves 305, 307 and 309 are fixedly
coupled to a respective screw receiver 207. Furthermore, the
tubular extension 333 of the sleeve 309 as well as the tubular
extension of the sleeve 307 glide within spacer/liner combi-
nations 310 and 311, protecting the assembly from bending
shear forces while allowing for the desired movement of all
three screws 25 with respect to the tensioned cord 322.

[0211] With particular reference to FIGS. 45-95, the refer-
ence numeral 1001 generally designates a non-fusion
dynamic stabilization longitudinal connecting member
assembly according to the present invention. The connecting
member assembly 1001 is elongate, having a substantially
central axis A. With particular reference to FIGS. 45-48, the
illustrated connecting member assembly 1001 generally
includes at least first and second hard, inelastic flanged
sleeves 1005 and 1007 with a spacer/liner combination, gen-
erally 1010, located therebetween. In particular, the spacer/
liner combination 1010 includes an outer spacer 1012 and an
inner optional liner 1013. The assembly 1001 further includes
an elastic bumper 1016, a cord blocker 1018 with cooperating
set screw 1019 and an inner core that in the present embodi-
ment is a cord 1022. The cord 1022 extends along the axis A
and successively through and within the sleeve 1005, the
spacer 1012, the sleeve 1007 (and spacer/liner 1010), the
bumper 1016 and the cord blocker 1018 as shown, for
example, in FIG. 72. In FIGS. 45 and 72, the assembly 1001
is shown attached to two polyaxial bone screws, generally
1025 at the sleeves 1005 and 1007. A portion of the sleeve
1007 extends into and through the spacer/liner 1010 and is in
slidable relationship therewith. A portion of the cord blocker
1018 extends into a bore of the bumper 1016. As will be
described and explained in greater detail below, the bumper
1016 is typically made from an elastomer while the outer
spacer 1012 is also elastomeric, but typically made from a
material with a different durometer, being tougher and less
compressible than the material of the bumper 1016. Further-
more, the sleeves 1005 and 1007 and the spacer liner 1013 are
made from a hard, non-elastic material, such as a metal or
metal alloy, like cobalt chromium. The hard and stiff sliding
sleeve 1007 includes an extension that slides into the liner
1013, providing a dynamic no- or low-wear, sliding relation-
ship between the sleeve 1007 and the liner 1013 that is non-
binding, and provides excellent shear resistance while at the
same time, the thin liner 1013 cooperating with the elasto-
meric spacer 1012 as well as the tensioned cord 1022 provide
controlled bending, with the tensioned cord 1022 and com-
pressed bumper 1016, performing well under tension and
compression. Flanged portions of the sleeves 1005 and 1007
are located on either side of the bone screws 1025, the flanges
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abutting against the spacer 1012 or the bumper 1016, the
flanges extending radially outwardly to an extent to fully
engage ends of the spacer 1012 or the bumper 1016, resulting
in a stable, secure, substantially full contact between the
individual elements of the assembly 1001. Furthermore, the
flanges allow for assembly and dynamic setting of the assem-
bly prior to implantation, if desired, with the cord 1022 being
placed in tension and at least the bumper 1016 being placed in
compression. In some embodiments of the invention, tension-
ing of the cord 1022 and compression of the bumper 1016 and
optionally the spacer 1012 may be performed after the assem-
bly 1001 is attached to the bone screws 1025.

[0212] With particular reference to FIGS. 49-53, the sleeve
1005 further includes a body portion 1030 generally sized and
shaped for being received within the polyaxial bone screw
1025 and a tubular extension 1032 sized and shaped to engage
and hold the spacer 1012 in fixed engagement with the sleeve
1005. The illustrated body portion 1030 and tubular extension
1032 are integral or otherwise fixed to one another. A through
bore 1034 extends centrally through the body portion 1030
and centrally through the tubular extension 1032. The bore
1034 is sized and shaped to slidingly receive the cord 1022
and when assembled with a remainder of the assembly 1001
extends along the axis A. The body portion 1030 further
includes a pair of spaced radially extending flanges 1036 and
1037 with a cylindrical body surface 1038 being located
therebetween. The flanges 1036 and 1037 are spaced for
closely receiving the bone screw 1025 therebetween as will
be described in greater detail below. The flange 1036 also
defines an end of the sleeve 1005 while the flange 1037 is
located at a juncture of the body portion 1030 and the tubular
extension 1032. The cylindrical surface 1038 is sized and
shaped to be receivable within and frictionally fixed to a
variety of monoaxial or polyaxial screw heads. In the illus-
trated embodiment, the flanges 1036 and 1037 further include
respective substantially planar inner surfaces 1042 and 1043,
respective outer planar surfaces 1046 and 1047 and respective
outer cylindrical surfaces 1048 and 1049. The surfaces 1046
and 1047 may include ridges or other protruding structure for
resisting rotation about the axis A. The planar surface 1046
also defines an end surface of the sleeve 1005. The surface
1046 is adjacent to a flared or beveled surface 1053 that
defines an opening of the bore 1034. The outer surface 1047
is adjacent to a tapered surface 1055 that extends toward and
terminates at a first cylindrical surface 1056 of the tubular
extension 1032. The outer cylindrical surface 1056 termi-
nates at a radially extending annular wall 1058 that is sub-
stantially perpendicular thereto and may be curved or flat. The
wall 1058 terminates at a second substantially cylindrical
surface 1060 of greater outer diameter than the cylindrical
surface 1056. The surface 1060 terminates at an annular
inwardly tapering beveled surface 1062. The bevel 1062 is
adjacent to a planar annular end surface 1064 that is disposed
perpendicular to the cylindrical surface 1060. The surface
1064 is adjacent to a flared or beveled surface 1065 that
defines an opening of the bore 1034. The surfaces 1056, 1058
and 1060 provide a push-on connective element for attach-
ment to inner surfaces of the spacer 1012 as will be described
in greater detail below. The sleeve 1005, as well as the sleeve
1007, the optional liner 1013 and the cord blocker 1018 with
set screw 1019 may be made from a variety of inelastic
materials, including, but not limited to metals, metal alloys,
including cobalt chromium, and inelastic plastics including,
but not limited to plastic polymers such as polyetheretherke-
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tone (PEEK), ultra-high-molecular weight-polyethylene
(UHMWP), polyurethanes and composites, including com-
posites containing carbon fiber and layers of different mate-
rials.

[0213] With particular reference to FIGS. 45-48 and 54-57,
the spacer 1012 is substantially cylindrical and tubular in
form, having an outer cylindrical surface 1070 and an inner,
graduated through bore, generally 1072. The spacer 1012 has
opposed substantially planar annular end surfaces 1074 and
1076. The bore 1072 is defined in part by a first inner cylin-
drical surface 1078 that begins at the surface 1076 and
extends substantially along a length of the spacer 1012. The
surface 1078 closely receives the inner liner 1013 thereon. In
fact, the spacer 1012/liner 1013 combination is typically
assembled or manufactured with the optional liner 1013
being fixed to the surface 1078 such that a surgeon receives
the spacer 1012/liner 1013 combination already assembled
and ready for the surgeon to cut the spacer 1012/liner 1013
combination to a desired length near the end 1076 as will be
described in greater detail below. Adjacent the end 1074, the
spacer 1012 includes a flared or beveled opening surface 1080
extending to an inner cylindrical surface 1082 having an inner
diameter smaller than the cylindrical surface 1078. A third
inner cylindrical surface 1084 is located between the surface
1082 and the surface 1078, the surface 1084 having a diam-
eter larger than the surface 1082 and smaller than the surface
1078. A curved transition surface 1086 spans between the
cylindrical surfaces 1082 and 1084 and a curved transition
surface 1088 spans between the cylindrical surfaces 1084 and
1078. Portions of the transition surfaces 1086 and 1088 are
substantially perpendicular to the cylindrical surfaces 1078,
1082 and 1084. As will be described in greater detail below,
when the spacer 1012/liner 1013 combination (or in some
embodiments, a spacer 1012 only) is pushed onto the tubular
extension 1032 of the sleeve 1005 during assembly, the end
surface 1074 of the spacer 1012 engages the planar surface
1047 of the sleeve 1005, the flared surface 1080 of the spacer
engages the tapered surface 1055 of the sleeve, the inner
cylindrical surface 1082 engages the outer cylindrical surface
1056 of the sleeve, the surface 1086 of the spacer engages the
surface 1058 of the sleeve, and the inner cylindrical surface
1084 of the spacer engages the outer cylindrical surface 1060
of the tubular extension 1032. As best shown in FIG. 72, the
close fit between the spacer inner cylindrical surfaces 1082
and 1084 and the tubular extension 1032 of the sleeve 1005,
provide a secure, fixed positioning of the spacer 1012 with
respect to the sleeve 1005 along the axis A, prohibiting the
spacer 1012 from being pulled away from the sleeve surface
1054 during spinal movement. However, some relative rota-
tional movement between the spacer 1012 and the sleeve
1005 about the axis A is possible, allowing for some twist or
turn, providing some relief for torsional stresses. The spacer
1012 is typically elastic and made from a plastic, for example,
athermoplastic elastomer made from a polyurethane or poly-
urethane blend, such as a polycarbonate urethane.

[0214] Also with particular reference to FIGS. 54-57, the
optional inelastic liner 1013 is substantially cylindrical and
tubular in form, having an outer cylindrical surface 1090 and
an inner cylindrical through bore 1092. The liner 1013 has
opposed annular end surfaces 1094 and 1096. As best shown
in FIG. 57, the end surface 1094 abuts against the annular
surface 1088 of the spacer 1012 and the outer cylindrical
surface 1090 is adhered or otherwise fixed to the inner cylin-
drical surface 1078 of the spacer 1012. The end surface 1096
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is disposed flush to the end surface 1076 of the spacer 1012,
these surfaces being the cut-to-length side of the spacer 1012/
liner 1013 combination as will be described in greater detail
below. Although shown as a separate part or element in some
of the drawings, when used, the optional liner 1013 is typi-
cally provided pre-assembled within the spacer 1012. The
liner 1013 may be made from a variety of non-elastic mate-
rials, including metals, metal alloys and some plastics, with
cobalt chromium being a preferred material. The inner cylin-
drical surface 1092 is sized and shaped to slidingly receive a
tubular extension of the inelastic sleeve 1007 as will be
described in greater detail below.

[0215] With particular reference to FIGS. 58-61, the sleeve
1007 includes a body portion 1099 generally sized and
shaped for being received within the polyaxial bone screw
1025 and a tubular extension 1100 sized and shaped to be
slidingly received in the spacer 1012/liner 1013 combination.
The illustrated body portion 1099 and tubular extension 1100
are integral or otherwise fixed to one another. With particular
reference to FIG. 95, more than one size of sleeve 1007 is
typically provided to the surgeon, the sleeves 1007 differing
only in the length of the tubular extension 1100, so as to
appropriately match the size of the patient’s spine. A through
bore 1104 extends centrally through the body portion 1099
and the tubular extension 1100. The bore 1104 is sized and
shaped to slidingly receive the cord 1022 and when
assembled with a remainder of the assembly 1001 extends
along the axis A. The body portion 1099 includes an outer
cylindrical surface 1106 disposed between two radially
extending flanges 1110 and 1112. The body portion 1099 and
flanges 1110 and 1112 of the sleeve 1007 are substantially
similar in form and function to the respective cylindrical body
surface 1038 and flanges 1036 and 1037 of the sleeve 1005,
with a polyaxial bone screw receiver being received between
the flanges 1110 and 1112. The flanges 1110 and 1112 further
include respective substantially planar inner walls 1114 and
1116, outer cylindrical surfaces 1118 and 1120 and outer
walls or end surfaces 1122 and 1124. The surfaces 1122 and
1124 may include ridges or other protrusions. The outer sur-
face 1124 is also an end surface of the sleeve 1007. The
surface 1124 is adjacent to a flared or beveled surface 1125
that defines an opening of the bore 1104. The outer surface
1122 is adjacent to a tapered surface 1126 that extends toward
and terminates at a cylindrical surface 1127 of the tubular
extension 1100. The outer cylindrical surface 1127 extends
toward an annular planar end surface 1128 that is perpendicu-
lar thereto. A beveled surface 1130 spans between the cylin-
drical surface 1127 and the end surface 1128. The end surface
1128 terminates at an inner flared surface 1131, the surface
1131 defining an opening of the bore 1104. Upon assembly
with the spacer 1012/liner 1013 combination, the cylindrical
surface 1127 is in slidable relationship with the inner surface
of the liner 1013 defining the through-bore 1092. As stated
above, a desirable material for both the liner 1013 and the
tubular extension 1100 is cobalt chromium. Furthermore, in
some embodiments ofthe invention, in order to have low or no
wear debris, the liner 1013 inner surface and the outer surface
1127 of the tubular extension 1100 may be coated with an
ultra thin, ultra hard, ultra slick and ultra smooth coating, such
as may be obtained from ion bonding techniques and/or other
gas or chemical treatments. It is further noted that inner
surfaces of the sleeves 1005 and 1007 that receive the cord
1022 may also be likewise coated to provide a slick, low to no
wear debris interface with the cord 1022.
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[0216] With particular reference to FIGS. 62-68, the
bumper 1016 is substantially cylindrical and tubular in form,
having an outer cylindrical surface 1140 and an inner, gradu-
ated through bore, generally 1142. The bumper 1016 has
opposed substantially planar annular end surfaces 1144 and
1146. The bore 1142 is defined in part by a first inner cylin-
drical surface 1148 that begins at the surface 1146. The sur-
face 1148 closely receives a tubular extension of the cord
blocker 1018 as will be described in greater detail below.
Adjacent the end 1144, the bumper 1016 may include a flared
or beveled opening surface extending to an inner cylindrical
surface 1152 having an inner diameter smaller than a diam-
eter of the inner cylindrical surface 1148. A curved transition
surface 1156 spans between the cylindrical surfaces 1152 and
1148. A substantial portion of the surface 1156 is disposed
perpendicular to the cylindrical surfaces 1152 and 1148. The
bumper 1016 is elastic and may be made from a variety of
compressible and stretchable materials, including, but not
limited to natural or synthetic elastomers such as polyiso-
prene (natural rubber), and synthetic polymers, copolymers,
and thermoplastic elastomers, for example, polyurethane
elastomers such as polycarbonate-urethane elastomers. In
order to have low or no wear debris, the bumper 1016 inner
surface may also be coated with an ultra thin, ultra hard, ultra
slick and ultra smooth coating, such as may be obtained from
ion bonding techniques and/or other gas or chemical treat-
ments.

[0217] Also with reference to FIGS. 62-68, the cord
blocker 1018 and cooperating set screw 1019 are shown. The
blocker 1018 includes a body portion 1159 and a tubular
extension 1160 sized and shaped to be slidingly received in
the bumper 1016 at the inner cylindrical surface 1148. The
illustrated body portion 1159 and tubular extension 1160 are
integral or otherwise fixed to one another. A through bore
1164 extends through a lower portion of the body portion
1159 and centrally through the tubular extension 1160. The
bore 1164 is sized and shaped to receive the cord 1022 and
when assembled with a remainder of the assembly 1001
extends along the axis A. The body portion 1159 includes an
outer side and lower surface 1166 that is substantially
U-shaped in cross-section, however, the surface 1166 may
have a variety of outer geometries, including cylindrical or of
other curved or polygonal cross-sections. The surface 1166
terminates at an upper planar surface 1168. Formed in the
surface 1168 is a threaded bore 1170 sized and shaped to
receive and threadably mate with the set screw 1019. The
threaded bore 1170 communicates with the through bore
1164 and is substantially perpendicular thereto. Near the
intersection of the bore 164 and the threaded bore 1170, a
surface 1172 partially defining the bore 1164 includes a
depression 1174, sized and shaped for receiving the cord
1022 therein when the set screw 1019 engages the cord 1022
as will be described in greater detail below. The blocker 1018
further includes opposed substantially planar end surfaces
1176 and 1178. The end surface 1176 is also the end surface
of the tubular extension 1160 that has an outer cylindrical
surface 1180. The end surface 1178 is also the end surface of
the body 1159. The body further includes a substantially
annular planar end surface 1182 adjacent the tubular exten-
sion 1160. In operation, the end surface 1146 of the bumper
1016 abuts against the end surface 1182.

[0218] The set screw 1019 includes a threaded body 1184
having a concave or domed bottom surface 1186 and a sub-
stantially cylindrical head 1188. Formed in the cylindrical
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head 1188 is an inner drive 1189 sized and shaped to receive
a driving tool for rotating and advancing the set screw 1019
into the blocker 1018 at the threaded bore 1170. Specifically,
the threaded body 1184 mates under rotation with the
threaded bore 1170. The set screw 1019 and blocker 1018 are
sized and shaped to have a limited travel or stop such that
when the set screw 1019 is rotated into the bore 1170 and
extends into the bore 1164, the set screw 1019 locks and
cannot be advanced any further at a desired location wherein
the cord 1022 is frictionally held firmly and snugly in place
between the domed bottom 1186 and the concave or
depressed surface 1174 without damaging or destroying the
cord 1022.

[0219] Itis noted that the blocker 1018 and set screw 1019
combination is typically provided with the bumper 1016 pre-
attached thereto and handled as a unit assembly. Thus, priorto
being received by the surgeon, the bumper 1016 is wedged
and in some cases adhered or otherwise fixed onto the tubular
extension 1160 at the factory, with the surface 1148 of the
bumper frictionally engaging the surface 1180 of the blocker
1018 and the surface 1146 of the bumper 1016 abutting
against and fixed to the surface 1182 of the blocker 1018.

[0220] With particular reference to FIGS. 47 and 48, the
illustrated cord 1022 includes an elongate body 1190 with an
enlarged end 1192 and an opposed cut-to-length end 1194.
The enlarged end 1192 may be created by heating the cord
1022 to melt the cord and create the enlarged end 1192 that
abuts against the surface 1046 of the sleeve 1005 and is too
large to enter the bore 1034. Alternatively an outer pin or knob
(not shown) may be fixed to the cord 1022. In other embodi-
ments of the invention a blocker and set screw combination,
similar to the blocker 1018 and set screw 1019 may be used to
fix the cord 1022 outside of the sleeve 1005 and thus allow the
cord 1022 to be in slidable relationship with the sleeve 1005.
The cord 1022 may be made from a variety of materials,
including polyester or other plastic fibers, strands or threads,
such as polyethylene-terephthalate. A cord according to the
invention typically does not illustrate elastic properties, such
as any significant additional axial distraction and lengthening
after the assembly 1001 is operatively assembled and the cord
is tensioned. However, it is foreseen that in some embodi-
ments, the cord 1022 may be made of an elastic or semi-
elastic material, such as a plastic or rubber (natural or syn-
thetic) having at least some elastic properties, allowing for
some further distraction of the assembly 1001 during opera-
tion thereof. The core can also be a cable-like structure made
of metal.

[0221] With particular reference to FIGS. 69-89 the refer-
ence number 1025 generally represents a polyaxial bone
screw apparatus or assembly in accordance with the present
invention operably utilized by implantation into a vertebra
(not shown) and in conjunction with the connecting member
assembly 1001 of the invention. The bone anchor assembly
1025 generally includes a shank 1206, a receiver 1207, a
retainer structure or ring 1208, a lower pressure insert 1209
and a closure structure or top 1210.

[0222] The shank 1206 is clongate and has an upper body
portion 1214 integral with a lower body portion 1215, ending
in a tip 1216. The shank body 1215 has a helically wound
bone implantable thread 1217 extending from near a tip 1216
to near a top area 1218 of the lower body 1215 and extending
radially outward therefrom. During use, the body 1215 uti-
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lizing the thread 1217 is implanted into a vertebra. The shank
1206 has an elongated axis of rotation generally identified by
the reference letter B.

[0223] Axially extending outward and upward from the
shank body 1215 is a neck 1220 that in some embodiments is
of'reduced radius as compared to the adjacent top arca 1218 of
the body 1215. Further extending axially and outwardly from
the neck 1220 is the shank upper portion 1214 operably
providing a connective or capture structure free from the bone
or vertebra for joining with the receiver 1207. The shank
upper portion or capture structure 1214 has a frusto-conical
surface 1222 located adjacent to the neck 1220 and extending
outwardly to an undercut surface 1224 of a substantially
spherical or domed shaped surface 1226 that is centrally
radiused. The undercut surface 1224 forms an oblique angle
with respect to the substantially conical surface 1222 as well
as to the axis B. In some embodiments of the invention, the
surface 1224 may be substantially perpendicular to the frusto-
conical surface 1224 or in other embodiments, the surface
1224 may be substantially perpendicular to the axis B. How-
ever, it has been found that providing an undercut or oblique
relationship between the domed surface 1226 and the frusto-
conical surface 1222 results in better fixation of the retainer
1208 to the bone screw shank upper body portion 1214 as will
be described in greater detail below. Also formed in the shank
upper portion 1214 within an annular rim 1228 of the surface
1226 is a tool engagement aperture 1231 for engagement by
a tool driving head (not shown) that is sized and shaped to fit
into the aperture for both driving and rotating the shank 1206
into a vertebra. In the illustrated embodiment, the aperture
1231 is hex-shaped and runs parallel to the axis B. It is
foreseen that various sizes, shapes and numbers of apertures,
slots or the like may be utilized in accordance with the inven-
tion for engaging a driving tool of suitable and similar mating
shape. The illustrated shank 1206 is cannulated, having a
through bore 1232 extending an entire length of the shank
1206 along the axis B. The bore 1232 is defined by an inner
cylindrical wall of the shank 1206 and has a circular opening
at the shank tip 1206 and an upper opening communicating
with the internal drive feature 1231. The bore 1232 provides
a passage through the shank 1206 interior for a length of wire
(not shown) inserted into the vertebra (not shown) prior to the
insertion of the shank body 1215, the wire providing a guide
for insertion of the shank body 1215 into the vertebra (not
shown).

[0224] To provide a biologically active interface with the
bone, the threaded shank body 1215 may be coated, perfo-
rated, 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 phos-
phate; or aroughening, perforation or indentation in the shank
surface, such as by sputtering, sand blasting or acid etching,
that allows for bony ingrowth or ongrowth. Certain 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
(Cay(PO,),, tetra-calcium phosphate (Ca,P,0,), amorphous
calcium phosphate and hydroxyapatite (Ca,,(PO,)s(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.
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[0225] The receiver 1207 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 include other geometrical configurations.
Side surfaces of the receiver 1207 that are closely received by
the flanges 1036 and 1037 of the sleeve 1005 or the flanges
1110 and 1112 of the sleeve 1007 are preferably planar. A
receiver axis of rotation C is aligned with the axis of rotation
B of the shank 1206 during assembly of the receiver 1207
with the shank 1206 and the retainer 1208. After the receiver
1207 is pivotally connected to the shank 1206, and such
assembly is implanted in a vertebra (not shown), the axis C is
typically disposed at an angle with respect to the axis B of the
shank 1206.

[0226] With reference to FIGS. 69-88, the receiver 1207
has a base 1233 with a pair of upstanding arms 1234 and 1235
forming a U-shaped channel 1238 between the arms 1234 and
1235 having a lower seat 1239. Opposed planar side surfaces
1236 and 1237 also define the channel 1238 and extend
upwardly from the base 1233 and to top surfaces 1240 of the
arms. The insert 1209 that is disposed within the receiver
1207 is sized and shaped to closely receive the sleeve 1005
body surface 1038 or the sleeve 1007 body surface 1106.
Each of the arms 1234 and 1235 has an interior surface 1241
that includes a partial helically wound guide and advance-
ment structure 1242. In the illustrated embodiment, the guide
and advancement structure 1242 is a partial helically wound
flangeform that mates under rotation with a similar structure
on the closure top 1210, as described below. However, it is
foreseen that the guide and advancement structure 1242 could
alternatively be a buttress thread, a reverse angle thread or
other thread like or non-thread like helically wound advance-
ment structures for operably guiding under rotation and
advancing the closure top between the arms 1234 and 1235.
Also, non-helically wound closure tops or caps are foreseen.
Tool engaging apertures 1244 are formed on the outsides of
the arms 1234 and 1235 for holding the receiver 1207 during
certain assembly steps and/or implantation of the assembly
and also for access to a thin deformable wall 1245 during
assembly with the pressure insert 1209.

[0227] A chamber or cavity 1247 is located within the
receiver base 1233 that opens upwardly into the U-shaped
channel 1238. The cavity 1247 includes a partial spherical
shaped surface 1248, at least a portion of which forms a
partial internal hemispherical seat for the retainer 1208, as is
described further below. A lower neck 1250 defining a lower
bore further communicates between the cavity 1247 and the
bottom exterior of the base 1233 and is coaxial with the
rotational axis C of the receiver 1207. The neck 1250 at least
partially defines a restriction having a radius which is smaller
than the radius of the retainer 1208 when the retainer is fully
engaged with the frusto-conical surface 1222 of the shank
1206, so as to form a restrictive constriction at the location of
the neck 1250 relative to the retainer 1208 to prevent the
retainer 1208 from passing between the cavity 1247 and the
lower exterior of the receiver 1207.

[0228] In an upper portion of the cavity 1247, a substan-
tially cylindrical surface 1252 includes a run-out surface 1253
located directly beneath the guide and advancement structure
1242. With particular reference to FIGS. 82-83 and 87-88,
formed in the surface 1253 under the structure 1242 of both of
the arms 1234 and 1235 is a recess 1254 partially defined by
a stop or abutment wall 1255. As will be described in greater
detail below, the cooperating compression insert 1209
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includes a protruding structure 1294 on each arm thereof that
abuts against the respective wall 1255 of each of the receiver
arms, providing a centering stop when the insert 1209 is
rotated into place as will be described below.

[0229] With particular reference to FIGS. 76-81, the
retainer 1208 is an open and substantially ring-shaped and has
an operational central axis which is the same as the elongate
axis B associated with the shank 1206, but when the retainer
1208 is separated from the shank 1206, the axis of rotation is
identified as axis D. The retainer 1208 has a central bore 1256
that passes entirely through the retainer 1208 from a top
surface 1258 to a bottom surface 1259 thereof. The bore 1256
is substantially formed by a frusto-conical surface 1257, sized
and shaped to fit snugly over the shank capture structure
frusto-conical surface 1222 in such a manner as to allow
sliding axial movement therebetween during assembly and
substantially full contact between the surface 1257 and the
surface 1222 during operation, as described below.

[0230] As stated above, the retainer 1208 is open, having a
through-gap running from the top surface 1258 through the
bottom surface 1259, the gap formed by facing surfaces 1260
and 1261. The illustrated surfaces 1260 and 1261 are substan-
tially parallel, both running substantially perpendicular to the
top and bottom surfaces 1258 and 1259. It is foreseen that in
other embodiments of the invention, the surfaces 1260 and
1261 may form and oblique angle with the top and bottom
surfaces 1258 and 1259. With particular reference to FIGS. 70
and 80, the gap between the surfaces 1260 and 1261 is sized
such that the surfaces 1260 and 1261 may be moved toward
one another, squeezing the retainer 1208 about the shank neck
1220 during assembly such that the retainer 1208 and shank
upper portion 1214 may be inserted into and through the neck
1250 of the receiver 1207 and into the receiver cavity 1247
wherein the retainer 1208 may be released and allowed to
expand to a natural state thereof, capturing both the retainer
1208 and the shank upper portion 1214 within the receiver
cavity 1247.

[0231] The retainer top surface 1258 includes a cut or
notch, generally 1262 that appears substantially v-shaped in
cross-section. Specifically, the cut 1262 is defined by a sub-
stantially curved or spherical surface 1263 and a contiguous
partially conical or sloping surface 1264. The notch 1262 is
located near the frusto-conical surface 1257, with the sloping
surface 1262 extending to or near the surface 1257. In the
illustrated embodiment, the surface 1262 extends to a
rounded or beveled annular surface 1266 that opens to the
surface 1257 that defines the inner bore 1256. The curved
surface 1263 has a radius that is the same or substantially
similar to the radius of the domed surface 1226 of the shank
upper body portion 1214. The conical surface 1264 is sized
and shaped to be closely received by the undercut surface
1224 of the shank upper body portion 1214. Thus, when the
surface 1257 engages the shank surface 1222 and is slid
axially toward the domed surface 1226 during assembly, the
shank undercut 1224 engages the surface 1264 and the spheri-
cal surface 1263 of the notch 1262 engages a portion of the
domed surface 1226, advantageously providing a stop and a
secure fit between the retainer 1208 and the shank upper body
portion 1214 within the receiver 1207.

[0232] The retainer 1208 has a radially outer partial hemi-
spherical shaped surface 1265 sized and shaped to mate with
the partial spherical shaped surface 1248 of the receiver 1207
and having a radius approximately equal to a radius associ-
ated with the surface 1248. The retainer 1208 radius (when in
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an operational non-squeezed orientation) is larger than the
radius associated with the annular curved surface 1229 of the
shank upper portion 1214 and also substantially larger than
the radius of the receiver neck 1250.

[0233] With particular reference to FIGS. 84-88, the lower
compression or pressure insert 1209 includes a substantially
cylindrical body 1270 integral with a pair of upstanding arms
1272. The body 1270 and arms 1272 form a generally
U-shaped, open, through-channel 1274 having a lower seat
1276 sized and shaped to closely, snugly engage the sleeve
1005 or the sleeve 1007. The arms 1272 disposed on either
side of the channel 1274 extend outwardly from the body
1270. The arms 1272 are sized and configured for placement
near the run-out 1253 below the guide and advancement
structure 1242 at the receiver inner arms 1234 and 1235. Each
of the arms 1272 includes a top surface 1278 ultimately
located directly beneath the guide and advancement structure
1242, but are not directly engaged by the closure top 1210.
However, in some embodiments of the bone screw for use
with other longitudinal connecting members, the closure top
may directly engage the top surfaces 278 for locking the
polyaxial mechanism of the assembly 1025. Therefore, the
assembly 1 may be used with a wide variety of longitudinal
connecting members, including the sleeves 1005 and 1007 or
inelastic or deformable rods or other connecting members
that engage the closure top 1210 and are locked into position
by such closure top 1210 as well as rods of smaller diameter
or, for example cords that are captured by the closure top
1210, but are otherwise movable within the receiver 1207 and
are thus in slidable or spaced relation with the closure top
1210. Each arm 1272 further includes a partially cylindrical
outer surface 1280 sized and shaped to fit within the receiver
1207 at the guide and advancement structure 1242 run-out
relief 1253. The cylindrical surfaces 1280 are disposed sub-
stantially perpendicular to the respective adjacent top sur-
faces 1278. In some embodiments of the invention recesses
are formed near and/or at the top surfaces 1278 and the
surfaces that form the channel 1274 to provide relief for
material flow of the longitudinal connecting member, when,
for example, the connector is made from a deformable plastic.
For example, a recessed surface or groove may be directed
downwardly and inwardly toward the channel 1274. Each of
the outer surfaces 1280 further includes a recess 1282 sized
and shaped to receive holding tabs or crimped material from
the receiver 1207. For example, as shown in FIG. 71, the thin
walls 1245 of the receiver 1207 are pressed into the recesses
1282 to prevent counter-clockwise rotation of the insert 1209
about the axis C with respect to the receiver 1207. In other
embodiments of the invention, the receiver 1207 may be
equipped with spring tabs that snap into the recesses 1282 to
hold the insert 1209 in place with respect to counter-clock-
wise rotation. The recesses 1282 are preferably oval or elon-
gate such that some desirable upward and downward move-
ment of the insert 1209 along the axis C of the receiver 1207
is not prohibited. As previously described herein the com-
pression insert 1209 arms each include the protruding struc-
ture 1294 located on opposite sides of the arms such that when
the insert 1209 is dropped down into the receiver 1207 as
shown by the arrow M in FIG. 87 and then rotated into place
in a clockwise direction as shown by the arrow N in FIG. 88,
the structure 1294 abuts the wall 1255 of the recessed area
2154 when the insert is in a desired centered location with the
apertures 1282 in alignment with the apertures 1244.
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[0234] The compression insert 1209 further includes an
inner cylindrical surface 1284 that forms a through bore sized
and shaped to receive a driving tool (not shown) therethrough
that engages the shank drive feature 1231 when the shank
body 1215 is driven into bone. The inner surface 1284 runs
between the seating surface 1276 and an inner curved, annu-
lar, radiused or semi-spherical surface 1286. The surface
1286 is sized and shaped to slidingly and pivotally mate with
and ultimately fix against the annular domed surface 1226 of
the shank upper portion 1214. Thus, a radius of the surface
1286 is the same or substantially similar to the radius of the
surface 1226. The surface 1286 may include a roughening or
surface finish to aid in frictional contact between the surface
1286 and the surface 1226, once a desired angle of articula-
tion of the shank 1206 with respect to the receiver 1207 is
reached. Adjacent to the inner surface 1286 is a bottom rim or
edge 1288. Adjacent to the outer cylindrical surface 1280 of
the arms 1272 is a substantially frusto-conical surface 1290
that extends inwardly toward the lower rim 1288. The surface
1290 includes portions of the arms 1272 as well as partially
defining the pressure insert body 1270.

[0235] The pressure inset body 1270 located between the
arms 1272 has an outer diameter slightly smaller than a diam-
eter between crests of the guide and advancement structure
1242 of the receiver 1207 allowing for top loading of the
compression insert 1209 into the receiver 1207 through the
U-shaped channel 1238, with the arms 1272 being located
between the arms 1234 and 1235 during insertion of the insert
1209 into the receiver 1207 (see FIG. 87). As explained
above, once located between the guide and advancement
structure 1242 and the shank upper portion 1214, the insert
1209 is rotated into place about the axis C until the arms 1272
are directly below the guide and advancement structure 1242
at or near the run-out 1253 and the structure 1294 abuts
against the wall 1255 of the recess 1254. After the insert 1209
is rotated into such position, a tool (not shown) may be
inserted into the receiver apertures 1244 to press the thin
receiver walls 1245 into the insert recesses 1282. The lower
compression insert 1209 is sized such that the insert 1209 is
ultimately received within the cylindrical surface 1252 of the
receiver 1207 below the guide and advancement structure
1242. The receiver 1207 fully receives the lower compression
insert 1209 and blocks the structure 1209 from spreading or
splaying in any direction. It is noted that assembly of the
shank 1206 with the retainer 1208 within the receiver 1207,
followed by insertion of the lower compression insert 1209
into the receiver 1207 are assembly steps typically performed
at the factory, advantageously providing a surgeon with a
polyaxial bone screw with the lower insert 1209 already held
in alignment with the receiver 1207 and thus ready for inser-
tion into a vertebra.

[0236] The compression or pressure insert 1209 ultimately
seats on the surface 1226 of the shank upper portion 1214 and
is disposed substantially in the upper cylindrical portion 1252
of the cavity 1247, with the receiver deformable walls 1245
engaging the insert 1209 at the recesses 1282, thereby coop-
erating with the walls 1255 of the recesses 1254 to hold the
insert 1207 in desired alignment.

[0237] With particular reference to FIGS. 69-71, the clo-
sure structure or closure top 1210 can be any of a variety of
different types of closure structures for use in conjunction
with the present invention with suitable mating structure on
the upstanding arms 1234 and 1235. In the embodiment
shown, the closure top 1210 is rotatably received between the
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spaced arms 1234 and 1235 of the receiver 1207. The illus-
trated closure structure 1210 is substantially cylindrical and
includes an outer helically wound guide and advancement
structure 1295 in the form of a flange form that operably joins
with the guide and advancement structure 1242 of the receiver
1207. The flange form utilized in accordance with the present
invention may take a variety of forms, including those
described in Applicant’s U.S. Pat. No. 6,726,689, which is
incorporated herein by reference. It is also foreseen that
according to the invention the closure structure guide and
advancement structure could alternatively be a buttress
thread, a square thread, a reverse angle thread or other thread
like or non-thread like helically wound advancement struc-
ture for operably guiding under rotation and advancing the
closure structure 1210 downward between the arms 1234 and
1235 and having such a nature as to resist splaying of the arms
1234 and 1235 when the closure structure 1210 is advanced
into the channel 1238. The illustrated closure structure 1210
also includes a top surface 1296 with an internal drive 1297 in
the form of an aperture that is illustrated as a star-shaped
internal drive, but may be, for example, a hex-shaped drive or
other internal drives, including, but not limited to slotted,
tri-wing, spanner, two or more apertures of various shapes,
and the like. A driving tool (not shown) sized and shaped for
engagement with the internal drive 1297 is used for both
rotatable engagement and, if needed, disengagement of the
closure 210 from the receiver arms 1234 and 1235. It is also
foreseen that the closure structure 1210 may alternatively
include a break-off head designed to allow such a head to
break from a base of the closure at a preselected torque, for
example, 70 to 140 inch pounds. Such a closure structure
would also include a base having an internal drive to be used
for closure removal. A bottom surface 1298 of the closure top
1210 is planar and is sized and shaped to engage the sleeve
1005 or the sleeve 1007 at respective surfaces 1038 and 1106.

[0238] The closure top 1210 may further include a cannu-
lation through bore extending along a central axis thereof and
through a surface of the drive 1297 and the bottom surface
1298. Such a through bore provides a passage through the
closure 1210 interior for a length of wire (not shown) inserted
therein to provide a guide for insertion of the closure top into
the receiver arms 1234 and 1235.

[0239] When the polyaxial bone screw assembly 1201 is
placed in use in accordance with the invention the retainer
1208 is normally inserted about the shank at or near the neck
1220 by spreading the retainer 1208, moving the surfaces
1260 and 1261 away from one another and enlarging the gap
therebetween so that the retainer surfaces 1260 and 1261 clear
the area of the neck 1220 until the retainer 1208 substantially
surrounds the shank 1206 at or near the neck 1220. Thereafter,
the retainer is squeezed or pressed, bringing the surfaces 1260
and 1261 into contact or close proximity as shown in FIG. 80.
Thereafter, the shank 1206 and compressed retainer 1208 are
inserted into the receiver 1208 at the receiver neck 1250 and
up into the receiver cavity 1247 where the retainer 1208 is
released and allowed to return to an original shape with a gap
between the surfaces 1260 and 1261. The shank upper portion
1214 is then pulled axially downwardly toward the receiver
neck 1250 with the surface 1257 of the retainer 1208 sliding
along the frusto-conical surface 1222 of the shank upper
portion 1214 until the retainer notch 1262 engages the shank
upper portion undercut 1224 with the retainer spherical sur-
face 1263 surrounding a portion of the domed surface 1226 of
the shank upper portion 1214 as shown, for example, in FI1G.
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81. At this point there is no substantial outward or downward
pressure on the retainer 1208 and so the retainer 1208 is easily
rotatable along with the now attached shank 1206 within the
chamber 1247 and such rotation is of a ball and socket type
wherein the angle of rotation is only restricted by engagement
of the shank neck 1220 with the neck 1250 of the receiver
1207.

[0240] Then, the insert 1209 is inserted into the channel
1238 with the arms 1272 aligned in the channel 1238 between
the guide and advancement structures 1242. The insert 1209
is then moved downwardly in the channel 1238 and toward
the cavity 1247. With reference to FIGS. 87-88, once the arms
1272 are located generally below the guide and advancement
structure 1242 and adjacent the run-out relief 1253, the insert
1209 is rotated 90 degrees in a clockwise direction about the
axis C of the receiver 1207. The arms 1272 fit within the
cylindrical walls 1252 above the cavity 1247. Once the struc-
tures 1294 abut against the walls 1255, the arms 1272 are
desirably located directly below the guide and advancement
structures 1242, rotation is ceased and a tool (not shown) is
used to press the thin walls 1245 of the receiver 1207 into the
recesses 1282 of the insert 1209. The insert 1209 is now
locked into place inside the receiver 1207 with the guide and
advancement structures 1242 prohibiting upward movement
of the insert out of the channel 238.

[0241] Asillustrated in FIG. 71, the insert 1209 seats on the
shank upper portion 1214 with the surface 1286 in sliding
engagement with the surface 1226. The run-out or relief 1253
is sized and shaped to allow for some upward and downward
movement of the insert 1209 toward and away from the shank
upper portion 1214 such that the shank 1206 is freely pivot-
able with respect to the receiver 1207 until the closure struc-
ture 1210 presses on the sleeve 1005 or the sleeve 1007 that in
turn presses on the insert 1209 that in turn presses upon the
upper portion 1214 into locking frictional engagement with
the receiver 1207 at the surface 1248.

[0242] The resulting assembly is then normally screwed
into a bone, such as vertebra, by rotation of the shank 1206
using a suitable driving tool (not shown) that operably drives
and rotates the shank 1206 by engagement thereof at the
internal drive 1231.

[0243] The assembly 1001 may be assembled as follows:
First, after the two bone screws 1025 are implanted, the
distance between the screws is measured. Thereafter, the
spacer/liner combination 1010 (or in some embodiments a
spacer without the liner) is cut to a desired length based upon
the measurement made between the bone screws. As
described above, the spacer 1012 and the optional liner 1013
that form the spacer/liner combination 1010 are typically
assembled at the factory, with the liner 1013 being fixed to the
spacer 1012 along the spacer inner cylindrical surface 1072.
The spacer/liner combination 1010 is cut at the spacer end
1076 (that is also the liner end 1096) that is opposite the
graduated end of the spacer 1012. A tool (not shown), similar
to a pipe cutter is usually used to rotate and cut the spacer/
liner combination 1010 to the desired length. Also at this time,
in view of the resulting spacer/liner 1010 length, a sleeve
1007 of a desired size is chosen. Because the sleeve 1007 is
made from a hard material, typically a metal or metal alloy, it
is not practical to cut the tube portion 1100 of the sleeve 1007
to a desired length during the surgical procedure. Therefore,
a variety of sleeves 1007 are typically provided to end users
having at least three different tube portion 1100 lengths. See,
for example, FIG. 95 that shows three different sizes of a
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sleeve 1307,1307' and 1307" of the assembly 1301 which are
sleeves identical in form and function to the sleeve 1007 and
differing only in their length.

[0244] With particular reference to FIGS. 47 and 48, the
sleeve 1005 is then slid onto the cord 1022 at the cord end
1194, with the end 1194 being inserted into the through bore
1034 at the sleeve end 1046 and out the sleeve end 1064. The
sleeve 1005 is then fed along the cord 1022 until the sleeve
end 1052 is adjacent the enlarged cord end 1192. It is noted
that the cord 1022 is typically much longer than shown in the
drawing figures and then cut to length near the end 1194 after
being fully assembled with the remaining elements of the
assembly 1001, tensioned and fixed to the blocker 1018. After
the sleeve 1005 is in place on the cord 1022, the spacer/liner
combination 1010 is loaded with the cord end 1194 being
inserted into the flared opening 1080 at the end 1074, the
inner cylindrical surface 1082, the inner cylindrical surface
1084 and thereafter, the liner bore 1092 and out the liner end
1096 and spacer end 1076. The spacer/liner combination
1010 is slid along the cord 1022 until the end 1074 contacts
the tubular extension 1032 of the sleeve 1005. A tensioning
device (not shown) is typically needed to push and/or pull the
spacer 1012 against and over portions of the tubular extension
1032 of the sleeve 1005 until the surface 1074 of the spacer
abuts the surface 1047 of the sleeve flange 1037, the inner
cylindrical surface 1082 of the spacer 1012 fully engages the
outer cylindrical surface 1056 of the tubular extension 1032
and the inner cylindrical surface 1084 of the spacer 1012 fully
engages the outer cylindrical surface 1060 of the tubular
extension 1032. At this time, the sleeve 1005 is fixed against
the spacer 1012 and both the spacer/liner combination 1010
and the sleeve 1005 are in sliding relationship with the cord
1022. It may be necessary to warm the spacer 1012 prior to
assembly with the tubular extension 1032 to allow for stretch-
ing and expansion of the spacer 1012 graduated inner surface
(surfaces 1080, 1082, 1084, and 1086) to fit about the knob
defined by the tubular extension annular wall 1058 and cylin-
drical surface 1060. The sleeve 1007 is then loaded with the
cord end 1194 being inserted into the through bore 1104 at the
opening surface 1131 near the end 1128 and out the opening
1125 at the end surface 1124. The sleeve 1007 is then slid
along the cord 1022 with the tubular extension 1100 sliding
into the liner bore 1092. Thereafter, the blocker 1018 with
pre-attached bumper 1016 and loosely mated set screw 1019
(as shown in FIGS. 65-67) is loaded onto the cord 1022 with
the cord end 1194 being inserted into the bumper bore 1152 at
the opening located near the bumper end 1144 and exiting the
blocker bore opening near the end surface 1178. The bumper
1016 and attached blocker 1018 are slid along the cord 1022
until the bumper end 1144 abuts against the sleeve 1007
flange 1112 end surface 1124. The resulting loosely held
together assembly as shown, for example, in FIG. 48, is now
ready for pre-tensioning or for placement in and between the
implanted bone screws 1025, followed by tensioning, with
the set screw 1019 engaged with the cord 1022 enough to
prevent the elements from slipping oft of the cord 1022. It is
noted that the cord 1022 is typically much longer at this time
(than shown in FIG. 48) so that the cord may be grasped and
tensioned either before or after the assembly is fixed to the
bone screws 1025. If pre-tensioning is desired, at this time,
prior to implanting the assembly, a tensioning tool (not
shown) known in the art is used to pull upon and put tension
on the cord 1022 near the end 1194. The cord 1022 is prefer-
ably tensioned until the bumper compresses as shown in
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FIGS. 45, 46 and 72 and then the set screw 1019 is rotated and
driven into the blocker 1018 and up against the cord 1022
using a driving tool (not shown) engaged with the inner drive
1189.

[0245] The assembly 1001 (either pre-tensioned or in a
loosely attached orientation) is implanted by inserting the
sleeve 1005 body portion 1038 into one of the bone screws
1025 with the receiver 1207 being received between the two
flanges 1036 and 1037 and placing the sleeve 1007 body
portion 1106 into another of the bone screws 1025 with the
respective receiver 1207 being received between the two
flanges 1110 and 1112. Closure tops 1210 are then inserted
into and advanced between the arms 1234 and 1235 of each of
the receivers 1207 so as to bias or push against the sleeve 1005
and the sleeve 1007 at respective surfaces 1038 and 1106. A
driving tool (not shown) is inserted into each drive 1297 to
rotate and drive the respective closure top 1210 into the coop-
erating receiver 1207. Each shank dome 1226 is engaged by
the cooperating insert 1209 and pushed downwardly when the
closure top 1210 pushes downwardly on the sleeve 1005 or
sleeve 1007. The downward pressure on the shank 1206 in
turn urges the retainer 1208 downwardly which exerts both a
downward and outward thrust on the retainer 1208 until the
retainer surface 1265 fully frictionally engages the receiver
inner seating surface 1248. Two polyaxial bone screws 1025,
including the dynamic connecting member assembly 1001,
are shown in FIGS. 45 and 72, illustrating various shank 1206
to receiver 1207 angular configurations.

[0246] Ifthe assembly 1001 has not been pre-tensioned, or
if further tensioning is desired, a tensioning tool (not shown)
known in the art is then used to pull upon and put tension on
the cord 1022 near the end 1194. The cord 1022 is preferably
tensioned until the bumper compresses as shown in FIGS. 45
and 72 and then the set screw 1019 is rotated and driven into
the blocker 1018 and up against the cord 1022 using a driving
tool (not shown) engaged with the inner drive 1189. The
blocker 1018 advantageously includes opposed planar sides
allowing for the placement of a counter-torque tool for hold-
ing the blocker 1018 during tensioning and fixing of the cord
1022 within the blocker. As explained above, the set screw
1019 and blocker 1018 combination include a limited travel
feature such that the set screw 1019 is locked into place at a
location that firmly holds but does not damage the cord 1022.
The cord 1022 is then trimmed to a desired length near the
blocker end 1178.

[0247] The assembly 1001 is thus substantially dynami-
cally loaded and oriented relative to the cooperating vertebra,
providing relief (e.g., shock absorption) and protected move-
ment with respect to flexion, extension, distraction and com-
pressive forces placed on the assembly 1001 and the two
connected bone screws 1025. The flanges of the sleeves 1005
and 1007, now located outside of the bone screw receivers
1207 are fully abuttingly engaged with the spacer/liner com-
bination 1010 and/or the bumper 1016, thus fully supporting
compression between the spacer 1012 or the bumper 1016
during flexion and extension. Furthermore, during complex
spinal movements, the spacer 1012 and 1016 are able to move
or flex away from and towards the flanges 1036, 1037 and
1110, 1112 without compromising the strength and integrity
of'the assembly 1001. It is noted that a problem encountered
with dynamic spinal implant systems is the need to provide
adequate support with respect to bending sheer. Most spinal
movements are not purely bending movements, e.g., flexion
and extension. Most movements include both bending and
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tension, extension or compression. Such bending shear is not
well resisted by a cord and spacer alone that performs well in
tension, but not when the tension includes a vector force. The
present invention advantageously provides a hard, non-elastic
extension 1100 of a rigid sliding sleeve body 1099, the exten-
sion 1100 further located within a non-elastic liner 1013 of
the spacer 1012. Such features protect against vector forces
while still allowing for advantageous tension of the cord 1022
as well as improved compression provided by the outer
bumper 1016. The cord 1022 and the sleeve 1007 allow for
some twisting or turning, providing some relief for torsional
stresses. Furthermore, the compressed bumper 1016 and the
fixed contact between the sleeve 1005 and the spacer 1012 as
well as the fixed contact between the bumper 1016 and the
blocker 1018 places some limits on torsional movement as
well as bending movement, to provide spinal support. The
cord 1022 (in tension) and bumper 1016 (in compression)
allow for compression and some extension of the assembly
1001 located between the two bone screws 1025, e.g., shock
absorption. Another advantage of some of the embodiments
of'the present invention is that because of the inelastic sleeve
extension that slides within the typically elastic spacer
located between two bone screws, the resulting assembly
1001 is more stable than a cord and spacer alone, therefore
strength of the assembly does not rely upon the amount of
tension placed upon the cord. Therefore, in certain embodi-
ments according to the invention, it is not necessary to place
as much tension on the cord 1022 as would be required for a
more traditional cord and spacer arrangement, thus protecting
the cord from damage of over stressing.

[0248] Itis also noted that in other embodiments of a con-
necting member 1001 according to the invention, the sleeve
1005 may be extended at the end 1046 to provide a hard,
non-elastic elongate portion for attachment to an additional
bone screw or screws, if needed, to provide a connecting
member with both dynamic, elastic segments as well as a
longer rigid inelastic segment.

[0249] If removal of the assembly 1001 from any of the
bone screw assemblies 1025 is necessary, or if it is desired to
release the assembly 1001 at a particular location, disassem-
bly is accomplished by using the driving tool (not shown)
with a driving formation cooperating with the closure struc-
ture 1210 internal drive 1297 to rotate and remove the closure
structure 1210 from the receiver 1207. Disassembly is then
accomplished in reverse order to the procedure described
previously herein for assembly.

[0250] Eventually, if the spine requires more rigid support,
the connecting member assembly 1001 according to the
invention may be removed and replaced with another longi-
tudinal connecting member, such as a solid rod or bar, having
the same width or diameter as body portions of the sleeves
1005 and 1007, utilizing the same receivers 1207 and the
same or similar closure structures 1210. Alternatively, if less
support is eventually required, a less rigid, more flexible
assembly, for example, an assembly 1001 having a spacer
1012 and bumper 1016 made of a softer more compressible
material than the spacer and bumper being replaced thereby,
also utilizing the same bone screws 1025.

[0251] With reference to FIGS. 89-95, an alternative lon-
gitudinal connecting member assembly according to the
invention, generally 1301, for use with three bone screws
1025 includes a first sleeve 1305, a second sleeve 1307, a third
sleeve 1309, a first spacer/liner combination 1310 and a sec-
ond spacer/liner combination 1311. The first spacer/liner
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combination 1310 includes an outer spacer 1312 and an inner
liner 1313 and the second spacer/liner combination 1311
includes an outer spacer 1314 and an inner liner 1315. The
illustrated spacer/liner combination 1311 is identical to the
spacer/liner combination 1310 with the exception of a length
thereof along a central axis A'. The assembly 1301 further
includes a bumper 1316, a cord blocker 1318 and mating set
screw 1319 and a cord 1322. The assembly 1301 is substan-
tially similar to the assembly 1001 with the exception of the
addition of the third sleeve 1309 and the second spacer/liner
combination 1311. Thus, the first sleeve 1305, the second
sleeve 1307, the first spacer/liner combination 1310, the
bumper 1316, the cord blocker 1318, the set screw 1319 and
the cord 1322 are the same or substantially similar to the
respective first sleeve 1005, second sleeve 1007, spacer/liner
combination 1010, bumper 1016, cord blocker 1018, set
screw 1019 and cord 1022 of the assembly 1001 previously
discussed above and thus shall not be discussed further
herein. Although only one additional sleeve 3109 (and
attached bone screw 1025) and cooperating spacer/liner 1311
are illustrated in the drawings, it is noted that the assembly
1301 of the invention may be lengthened further and adapted
for use with additional bone screws by simply adding more
sleeves 1309 and cooperating spacer/liners 1311 (or option-
ally spacers without liners) between the sleeve 1305 and the
sleeve 1307.

[0252] With particular reference to FIGS. 91-94, the sleeve
1309 includes a body portion 1330 generally sized and
shaped for being received within the polyaxial bone screw
1025 and a first tubular extension 1332 sized and shaped to
engage and hold the spacer 1312 in fixed engagement with the
sleeve 1309. The sleeve also includes a second opposed tubu-
lar extension 1333 sized and shaped to be slidingly received
by the spacer/liner combination 1311. The illustrated body
portion 1330 and tubular extensions 1332 and 1333 are inte-
gral or otherwise fixed to one another. A through bore 1334
extends centrally through the body portion 1330 and centrally
through both the tubular extensions 1332 and 1333 along the
axis A'. The bore 1334 is sized and shaped to slidingly receive
the cord 1322 and when assembled with a remainder of the
assembly 1301, also extending along the axis A'. The body
portion 1330 further includes a cylindrical body surface 1338
located between radially extending flanges 1340 and 1342,
the flanges also being cylindrical in shape. The flanges 1340
and 1342 further include respective inner planar surfaces
1344 and 1346, respective outer cylindrical surfaces 1348 and
1350 and respective outer planar surfaces 1352 and 1354. The
flanges 1340 and 1342 are spaced from one another a desired
distance so as to closely receive a bone screw receiver 1207
therebetween. The flanges 1340 and 1342 are thus identical or
substantially similar in form and function to the flanges 1036
and 1037 of'the sleeve 1005 and the flanges 1110 and 1112 of
the sleeve 1007 previously described herein with respect to
the assembly 1001.

[0253] The outer planar surface 1354 is adjacent to a
tapered surface 1355 that extends toward and terminates at a
first cylindrical surface 1356 of the tubular extension 1332.
The outer cylindrical surface 1356 terminates at a radially
extending annular wall 1358 that is perpendicular thereto.
The wall 1358 terminates at a second substantially cylindrical
surface 1360 of greater outer diameter than the cylindrical
surface 1356. The surface 1360 terminates at an annular
inwardly tapering beveled surface 1362. The bevel 1362 is
adjacent to a planar annular end surface 1364 that is disposed
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perpendicular to the cylindrical surface 1360. The surface
1364 is adjacent to a flared or beveled surface 1365 that
defines an opening of the bore 1334. The surfaces 1356, 1358
and 1360 provide a push-on connective element for attach-
ment to inner surfaces of the spacer 1312. The sleeves 1305,
1307, 1309, the liners 1313 and 1315 and the cord blocker
1318 with set screw 1319 may be made from a variety of
inelastic materials, including, but not limited to metals, metal
alloys, including cobalt chromium, and inelastic plastics
including, but not limited to plastic polymers such as poly-
etheretherketone (PEEK), ultra-high-molecular weight-poly-
ethylene (UHMWP), polyurethanes and composites, includ-
ing composites containing carbon fiber and layers of different
materials.

[0254] Near the tubular structure 1333, the flange 1340
outer planar surface 1352 is adjacent to a tapered surface 1366
that extends toward and terminates at a cylindrical surface
1367 of the tubular extension 1333. The outer cylindrical
surface 1367 extends toward an annular planar end surface
1368 that is perpendicular thereto. A beveled surface 1370
spans between the cylindrical surface 1367 and the end sur-
face 1368. The end surface 1368 terminates at a inner flared
surface 1371, the surface 1371 defining an opening of the bore
1334. Upon assembly with the spacer 1314/liner 1315 com-
bination, the cylindrical surface 1367 is in slidable relation-
ship with the inner surface of the liner 1315. A desirable
material for both the liner 1315 and the tubular extension
1333 is cobalt chromium. Furthermore, in some embodi-
ments of the invention, in order to have low or no wear debris,
the liner 1315 inner surface and the outer surface 1367 of the
tubular extension 1333 may be coated with an ultra thin, ultra
hard, ultra slick and ultra smooth coating, such as may be
obtained from ion bonding techniques and/or other gas or
chemical treatments.

[0255] As stated above, the spacer/liner combination 1311
is identical to the spacer/liner combination 1310 with the
exception of length along the axis A'. Thus, the spacer/liner
combination 1311 is identical or substantially similar to the
spacer/liner combination 1010 previously described herein.
With reference to FIG. 90, during assembly, the spacer 1312
is press-fitted over the tubular extension 1332 of the sleeve
1309 while the spacer 1314 is press fitted over the tubular
extension of the sleeve 1305. Thus, the elements are loaded
onto the cord 1322 as follows: the sleeve 1305, followed by
the spacer/liner combination 1311, followed by the sleeve
1309, followed by the spacer/liner combination 1312 fol-
lowed by the sleeve 1307, followed by the bumper 1316 and
attached blocker 1318 with set screw 1319. The assembly
1301 is implanted with each of the sleeves 1305, 1307 and
1309 being attached to a bone screw 1025 as shown in FIG.
90. Either before or after the sleeves are attached to the bone
screws 1025, the cord 1322 is tensioned as previously
described with respect to the assembly 1001. Thus, the fully
assembled and dynamically loaded assembly 1301 allows for
translation of the receivers 1207 of all three of the bone
screws 1025 along the tensioned cord 1322 while at the same
time all three sleeves 1305, 1307 and 1309 are fixedly coupled
to a respective bone screw receiver 1207. Furthermore, the
tubular extension 1333 of the sleeve 1309 as well as the
tubular extension of the sleeve 1307 glide within spacer/liner
combinations 1310 and 1311, protecting the assembly from
bending shear forces while allowing for the desired move-
ment of all three screws 1025 with respect to the tensioned
cord 1322.
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[0256] With reference to FIG. 95, a portion of a kit accord-
ing to the invention is shown showing three different sized
sleeves 1307, the shortest being identified as 1307, a mid-
length sleeve as 1307' and a longer sleeve as 1307". The kit
also illustrates three different sized sleeves 1309 with the
shortest being identified as 1309, the mid-length sleeve as
1309' and the longest sleeve 1309". One size sleeve 1305 is
illustrated. Thus, as described previously with respect to the
assembly 1001, when utilizing the assembly 1301 a surgeon
may choose various lengths of sleeves 1307 and 1309 that
best match the measurements made of distances between a
patient’s vertebrae.

[0257] With reference to FIGS. 96-122 another longitudi-
nal connecting member assembly according to the present
invention, generally 2401 is shown attached to five polyaxial
bone screws 2001. Generally, each bone screw includes a
shank 2004, a receiver 2010, an open retainer 2012 for hold-
ing the shank 2004 upper portion 2008 within the receiver
2010 and an insert 2014 having a substantially planar top
surface for engagement with sleeves of the assembly 2401.
The connecting member assembly 2401 is elongate, having a
substantially central axis F. With particular reference to FIGS.
96-99, the illustrated connecting member assembly 2401
generally includes at least first, second and third hard, inelas-
tic flanged sleeves 2405, 2406 and 2407 with a first spacer/
liner combination, generally 2410, a second spacer/liner
combination, generally 2411 and a third spacer 2412 located
therebetween. It is noted that the spacer/liner combinations
may be replaced by a spacer alone in other embodiments of
the invention. The illustrated first spacer/liner combination
2410 includes an outer spacer 2413 and an inner liner 2414
and the second spacer/line combination 2411 includes an
outer spacer 2415 and an inner liner 2416. The assembly 2401
further includes an elastic bumper 2417, a cord blocker 2418
with cooperating set screw 2419 and an inner core that in the
present embodiment is a cord 2422. The assembly 2401 fur-
ther includes a cord/rod coupler 2424 and a threaded rod
2425. The cord 2422 extends from the cord/rod coupler 2424
along the axis F and successively through and within the
spacer 2412, the sleeve 2407, the spacer 2415, the sleeve 2406
(and spacer/liner 2411), the spacer 2413, the sleeve 2405 (and
spacer/liner 2410), the bumper 2417 and the cord blocker
2418 as shown, for example, in FIG. 99. In FIGS. 96 and 99,
the assembly 2401 is shown attached to three polyaxial bone
screws, generally 2001, described more fully below at the
sleeves 2405, 2406 and 2407. As best shown in FIG. 99, two
ofthe bone screws 2001 are attached to the sleeves 2405 and
2406 with a slide or slipping closure top 2430 and one of the
bone screws is attached to the sleeve 2407 with a gripping
closure top 2431. As will be discussed in greater detail below,
the slide or slip closure top 2430 engages a respective sleeve
but not the cord 2422, allowing the cord to slip or slide within
the polyaxial screw 2001. The grip closure top 2431 extends
through the sleeve and grips and fixes the cord 2422 against a
surface of the sleeve and thus fixes the cord in relation to the
polyaxial screw 2001. Finally, two of the illustrated bone
screws 2001 are attached to the rod 2425 with a point and rim
closure top 2432. The closure tops 2430, 2431 and 2432 are
shown in greater detail in FIGS. 117-122.

[0258] A portion of the sleeve 2405 extends into and
through the spacer/liner 2410 and is in slidable relationship
therewith. Likewise, a portion of the sleeve 2406 extends into
and through the spacer/liner 2411. Such spacer overlap with
respect to the sleeves 2405 and 2406 provides advantageous
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anti-shear support for the connector 2401. A portion of the
cord blocker 2418 also extends into a bore of the bumper
2417. The bumper 2417 is typically made from an elastomer
while the outer spacers 2412, 2413 and 2415, although typi-
cally elastomeric, may be made from a material with a difter-
ent durometer, typically (but not always) being tougher and
less compressible than the material of the bumper 2417. The
sleeves 2405, 2406 and 2407 and the spacer liners 2414 and
2416 are made from a hard, non-elastic material, such as a
metal or metal alloy, like cobalt chromium. The hard and stiff
sliding sleeves 2405 and 2406 each include an extension that
slides into the respective liner 2414 and 2416, providing a
dynamic no- or low-wear, sliding relationship between the
sleeves and respective cooperating liners that is non-binding,
and provides excellent shear resistance while at the same
time, the optional thin liners 2414 and 2416 cooperating with
the respective elastomeric spacers 2412, 2413 and 2415 as
well as the tensioned cord 2422 provide controlled bending,
with the tensioned cord 2422 and compressed bumper 2417,
performing well under tension and compression. Flanged
portions of the sleeves 2405, 2406 and 2407 are located on
either side of the bone screw receivers 2010, the flanges
abutting against the spacers 2412, 2413, 2415 or the bumper
2417, the flanges extending radially outwardly to an extent to
fully engage ends of adjacent spacers or the bumper 2417,
resulting in a stable, secure, substantially full contact between
the individual elements of the assembly 2401. Furthermore,
the flanges allow for assembly and dynamic setting of the
assembly prior to implantation, if desired, with the cord 2422
being placed in tension and at least the bumper 2417 being
placed in compression. In some embodiments of the inven-
tion, tensioning of the cord 2422 and compression of the
bumper 2417 and optionally the spacers 2412, 2413 and 2415
may be performed after the assembly 2401 is attached to the
bone screws 2001. Itis noted that in some embodiments of the
invention, the bumper 2417 and cooperating blocker 2418
may be eliminated and a gripping closure top 2431 may be
inserted at an end or terminal bone screw 2001 for gripping
and fixing the cord in tension.

[0259] With particular reference to FIGS. 100-104, the
sleeve 2405 further includes a body portion 2434 generally
sized and shaped for being received within the polyaxial bone
screw 2001 receiver 2010 and a tubular extension 2435 sized
and shaped to be slidingly received in the spacer/liner com-
bination 2410. The illustrated body portion 2434 and tubular
extension 2435 are integral or otherwise fixed to one another.
A through bore 2436 extends centrally through the body
portion 2434 and centrally through the tubular extension
2435. The bore 2436 is sized and shaped to slidingly receive
the cord 2422 and when assembled with a remainder of the
assembly 2401, extends along the axis F. The body portion
2434 further includes a pair of spaced radially extending
flanges 2437 and 2438 with a partially cylindrical and par-
tially planar body portion being located therebetween, the
body portion having an enlarged or protruding portion or
portions illustrated as opposed substantially cylindrical
extensions 2439, sized and shaped to closely fit within a
cylindrical surface portion of the bone screw receiver 2010.
The portions 2439 function to center the sleeve within the
bone screw receiver 2010 and also advantageously strengthen
the sleeve, resulting in better load transfer. It is foreseen that
in some embodiments of the invention, the body 2434 with
centering structure 2439 may be configured to also extend
down into the receiver and abut the bone screw shank upper
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portion 2008 and thus eliminate the compression insert 2014.
Furthermore, in some embodiments, the flanges 2437 and
2438 may be reduced or eliminated as the centering of the
sleeve with respect to the bone screw receiver 2010 is per-
formed by the portion or portions 2439.

[0260] Inthe illustrated embodiment, the flanges 2437 and
2438 are substantially cylindrical having opposed planar and
annular side surfaces spaced for closely receiving the bone
screw 2001 receiver 2010. The flange 2437 also defines an
end of the sleeve while the flange 2438 is located at a juncture
of the body 2434 and the tubular extension 2435. The body
portion 2439 is sized and shaped to be receivable within and
frictionally fixed to a variety of monoaxial or polyaxial screw
heads or receivers, including the receiver 2010. At an end
2440, the sleeve 2405 (and optional liner) may be cut to
length. A bore 2441 is formed in the body 2434 between the
flanges 2437 and 2438, the bore 2441 communicating with
the through bore 2436. The bore 2439 is sized and shaped to
receive the closure top 2431 therein for frictionally gripping
the cord 2422 against an internal surface defining the through
bore 2436, and thus placing the cord 2422 in fixed relation
with the bone screw receiver 2010, if desired.

[0261] The sleeve 2405, as well as the sleeves 2406 and
2407, the liners 2414 and 2416, the cord blocker 2418 with set
screw 2419 and the cord/rod coupler 2424 may be made from
a variety of inelastic materials, including, but not limited to
metals, metal alloys, including cobalt chromium, and inelas-
tic plastics including, but not limited to plastic polymers such
as polyetheretherketone (PEEK), ultra-high-molecular
weight-polyethylene (UHMWP), polyurethanes and com-
posites, including composites containing carbon fiber and
layers of different materials.

[0262] The spacers 2412, 2413 and 2415 are each substan-
tially cylindrical in form, having outer cylindrical surfaces
and inner through bores of a substantially constant inner
diameter for receiving a sleeve portion and/or liner 2414 or
2416 and having graduated or various inner diameters at an
end thereof for overlapping and fixing to a sleeve or the
cord/rod coupler. The optional liner 2414 closely fits within
the through bore of the spacer 2413 and the liner optional
2416 closely fits within the through bore of the spacer 2415.
In fact, the spacer/liner combination 2410 and the spacer/liner
combination 2411 are typically assembled or manufactured
with the respective liner being fixed to the inner surface
defining the bore of the spacer such that a surgeon receives
such a spacer/liner combination already assembled and ready
for the surgeon to cut the spacer/liner combination to a
desired length at a non-graduated end thereof that is adhered
or otherwise fixed the liner, as will be described in greater
detail below. The spacers 2412, 2413 and 2415 are typically
elastic and made from a plastic, for example, a thermoplastic
elastomer made from a polyurethane or polyurethane blend,
such as a polycarbonate urethane. The spacers 2413 and 2415
include respective various and graduated inner end surfaces
2442 and 2443 that are sized and shaped to be press fit over a
knobbed feature of an adjacent sleeve or cord/rod coupler as
will be described in greater detail below. The spacer 2412 also
includes such a knob receiving feature on one or both ends
thereof.

[0263] The optional inelastic liners 2414 and 2416 are sub-
stantially cylindrical and tubular in form, having a constant
outer cylindrical surface and a constant inner cylindrical
through bore. An end surface of each liner is disposed flush to
the respective overlapping spacer, such surfaces being the
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cut-to-length side of the spacer/liner combination. The liners
2414 and 2416 may be made from a variety of non-elastic
materials, including metals, metal alloys and some plastics,
with cobalt chromium being a preferred material. As stated
above, the inner cylindrical surfaces of the liners are sized and
shaped to slidingly receive a tubular extension of the inelastic
sleeves 2405 or 2406.

[0264] With particular reference to FIGS. 105-107, the
sleeve 2406 includes a body 2444, a tubular extension 2445,
a through bore 2446, flanges 2447 and 2448 with a centering
body portion 2449 therebetween, an end 2450 and a closure
top receiving bore 2451 that are substantially the same or
similar in form and function to the respective body 2434,
tubular extension 2435, through bore 2436, flanges 2437 and
2438, body portion 2439, end 2440 and closure top receiving
bore 2441 previously described herein with respect to the
sleeve 2405. Unlike the sleeve 2405 wherein the flange 2437
defines one end of the sleeve, the sleeve 2406 includes a
knobbed structure 2452 disposed near the flange 2447 and
opposite the end 2450. The knobbed structure 2452 provides
a push-on connective element for attachment to inner gradu-
ated surfaces 2442 of the spacer 2413. It is noted that more
than one size of sleeve 2405 and/or 2406 is typically provided
to the surgeon, the sleeves differing only in the length of the
tubular extension 2435 or 2445, so as to appropriately match
the size of the patient’s spine. Also, a desirable material for
both the liners and the sleeve tubular extensions is cobalt
chromium. Furthermore, in some embodiments of the inven-
tion, in order to have low or no wear debris, the liner inner
surface and the outer surfaces of the sleeve tubular extensions
may be coated with an ultra thin, ultra hard, ultra slick and
ultra smooth coating, such as may be obtained from ion
bonding techniques and/or other gas or chemical treatments.
Itis further noted that inner surfaces of the sleeves that receive
the cord 2422 may also be likewise coated to provide a slick,
low to no wear debris interface with the cord 2422.

[0265] With particular reference to FIGS. 108-110, the
sleeve 2407 includes a body 2454, a through bore 2456,
flanges 2457 and 2458 with a centering body portion 2459
therebetween, and a closure top receiving bore 2461 that are
substantially the same or similar in form and function to the
respective body 2434, through bore 2436, flanges 2437 and
2438, body portion 2439, and closure top receiving bore 2441
previously described herein with respect to the sleeve 2405.
Unlike the sleeves 2405 or 2406, the sleeve 2407 includes
knobbed structures 2460 and 2462 disposed at either end
thereof. The knobbed structures 2460 and 2462 are the same
orsimilar to the knobbed structure 2452 described above with
respect to the sleeve 2406, providing a push-on connective
element for attachment to inner graduated surfaces 2443 of
the spacer 2415 and slidable connection to an inner surface of
the spacer 2412. It is foreseen that the spacer 2412 may
include graduated surfaces to provide for a fixed or press fit
connection between the sleeve 2407 and the spacer 2412.

[0266] The bumper 2417 is substantially cylindrical and
tubular in form, having an outer cylindrical surface and an
inner, graduated through bore. The bumper 2417 has opposed
substantially planar annular end surfaces. An inner cylindri-
cal surface of the bore is sized and shaped to closely receive
a tubular extension of the cord blocker 2418. The bumper
2417 is elastic and may be made from a variety of compress-
ible and stretchable materials, including, but not limited to
natural or synthetic elastomers such as polyisoprene (natural
rubber), and synthetic polymers, copolymers, and thermo-
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plastic elastomers, for example, polyurethane elastomers
such as polycarbonate-urethane elastomers. In order to have
low or no wear debris, the bumper inner surface may also be
coated with an ultra thin, ultra hard, ultra slick and ultra
smooth coating, such as may be obtained from ion bonding
techniques and/or other gas or chemical treatments.

[0267] With reference to FIGS. 97, 113 and 114, the cord
blocker 2418 and cooperating set screw 2419 are shown. The
blocker 2418 includes a body portion 2469 and a tubular
extension 2470 sized and shaped to be slidingly received in
the bumper 2417. The illustrated body portion 2469 and tubu-
lar extension 2470 are integral or otherwise fixed to one
another. A through bore 2474 extends through a lower portion
of the body portion 2469 and centrally through the tubular
extension 2470. The bore 2474 is sized and shaped to receive
the cord 2422 and when assembled with a remainder of the
assembly 2401 extends along the axis F. Formed in the body
portion 2469 is a threaded bore 2475 sized and shaped to
receive and threadably mate with a thread of the set screw
2419. The threaded bore 2475 communicates with the
through bore 2474 and is substantially perpendicular thereto.
A surface 2476 partially defining the bore 2474 includes a
depression 2477, sized and shaped for receiving the cord
2422 therein when the set screw 2419 engages the cord 2422.
The sleeves 2405, 2406 and 2407 also include such a depres-
sion for receiving the cord 2422 within bores thereof when the
grip closure top 2431 is used to clamp the cord 2422 within
the sleeve without damaging or destroying the cord 2422.
[0268] Itis noted that the blocker 2418 and set screw 2419
combination is typically provided with the bumper 2417 pre-
attached thereto and handled as a unit assembly. Thus, priorto
being received by the surgeon, the bumper 2417 is wedged
and in some cases adhered or otherwise fixed onto the tubular
extension at the factory, with the inner surface of the bumper
frictionally engaging the surface 2470 of the blocker 2418
and the bumper 2417 abutting against and fixed to the blocker
body 2469.

[0269] With reference to FIGS. 97, 111 and 112, the cord/
rod coupler 2424 is shown. The coupler 2424 includes a
centrally located cylindrical body portion 2479 a tubular
extension 2480 having an inner thread 2481 for mating with a
thread 2482 of a hard surfaced rod 2425 and a knob feature
2483 sized and shaped for press fit engagement with the
spacer 2412. A central bore 2485 extends through the knob,
body and tubular extension, the thread 2481 partially defining
the bore 2485. The bore 2485 is sized and shaped to receive
the cord 2422 and when assembled with a remainder of the
assembly 2401 extends along the axis F. Formed in the body
portion 2479 is a recess 2486 sized and shaped to hold an end
knot or knob 2488 of the cord 2422 therein, the bore 2485
located at the knobbed coupler end 2483 being of smaller
diameter than a remainder of the bore 2485 and thus forming
a restriction, prohibiting movement of the cord knot or knob
2488 from passing into the bore 2485 at the knobbed end
2483.

[0270] With particular reference to FIG. 97, the illustrated
cord 2422 includes an elongate body 2490 with an enlarge-
ment shown in the form of a knot or knob 2488 at one end
thereof and an opposed cut-to-length end 2494. The enlarged
end 2488 may be created by heating the cord 2422 to melt the
cord and create such feature that is slidable through the
threaded portion 2481 of the cord/rod coupler 2424 but is
otherwise captured within the recess 2486 of the coupler 2424
and is too large to enter the bore 2485 at the knobbed portion
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2483 ofthe coupler 2424. Alternatively a pin may be fixed to
the cord 2422. In other embodiments of the invention that do
not include a rod/cord coupler 2424, a blocker and set screw
combination, similar to the blocker 2418 and set screw 2419
may be used to fix the cord 2422 outside of the sleeve 2407
and/or spacer 2412. The cord 2422 may be made from a
variety of materials, including polyester or other plastic
fibers, strands or threads, such as polyethylene-terephthalate.
A cord according to the invention typically does not illustrate
elastic properties, such as any significant additional axial
distraction and lengthening after the assembly 2401 is opera-
tively assembled and the cord is tensioned. However, it is
foreseen that in some embodiments, the cord 2422 may be
made of an elastic or semi-elastic material, such as a plastic or
rubber (natural or synthetic) having at least some elastic
properties, allowing for some further distraction of the assem-
bly 2401 during operation thereof. The core can also be a
cable-like structure made of metal.

[0271] With reference to FIGS. 117-122, various closure
tops for use with the bone screw assemblies 2001 and the
connecting assembly 2401 are shown. The bone screw 2432
shown in FIGS. 121 and 122 includes a break-off head
designed to allow such a head to break from a base of the
closure at a preselected torque, for example, 70 to 140 inch
pounds. The closure structure 2432 includes an outer heli-
cally wound guide and advancement structure 2502, a top
surface 2504 of the guide and advancement structure, an
internal drive 2506, a bottom surface 2508, a point 2509 and
arim 2510. Other than the break-off head, the closure 2432 is
substantially the same as, for example, the closure top 210
described above with respect to the assembly 1 and bone
screw 25. Located above the guide and advancement structure
top surface is a break-off head 2512. As shown in FIG. 99, the
closure tops 2432 engage and penetrate the hard rod portion
2425 of the connector 2401.

[0272] With reference to FIGS. 99 and 117 and 118, also
cooperating with the bone anchors 2001 is the closure top
2431 having an outer helically wound guide and advancement
structure 2522, a top surface 2524 of the guide and advance-
ment structure, an internal drive 2526 and a break-off head
2532, the same or similar to the respective guide and advance-
ment structure 2502, top surface 2504, internal drive 2506
and break-oft head 2512 previously discussed herein with
respect to the closure top 2432. In lieu of the point and rim of
the closure top 2432, the closure top 2431 has a lower cylin-
drical portion 2527 having a substantially planar bottom sur-
face 2528. The portion 2527 is sized and shaped to be received
by the bore 2441, 2451 or 2461 of respective sleeves 2405,
2406 and 2407, the bottom surface 2528 pressing the cord
2422 into fixed engagement with the sleeve.

[0273] With reference to FIGS. 99 and 119 and 120, also
cooperating with the bone anchors 2001 is the closure top
2430 having a an outer helically wound guide and advance-
ment structure 2542, a top surface 2544 of the guide and
advancement structure, an internal drive 2546 and a break-off
head 2552, the same or similar to the respective guide and
advancement structure 2522, top surface 2524, internal drive
2526 and break-off head 2532 previously discussed herein
with respect to the closure top 2431. The closure top 2430
includes a planar bottom surface 2548 adjacent the guide and
advancement structure 2542. As illustrated in FIGS. 98 and
99, the planar bottom surface 2548 remains flush with a
corresponding sleeve surface and does not enter into the bore
2441, 2451 or 2461, allowing sliding movement of the cord
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2422 with respect to the bone screw receivers 2010 cooper-
ating with the closure tops 2430.

[0274] The assembly 2401 may be assembled as follows:
First, after the bone screws 2001 are implanted, the distance
between the screws is measured. Thereafter, the spacer/liner
combinations 2410 and 2411 are cut to a desired length based
upon the measurement made between the bone screws. A tool
(not shown), similar to a pipe cutter is usually used to rotate
and cut the spacer/liner combination to the desired length at
an end opposite the graduated surfaces of the respective
spacer. Also at this time, in view of the resulting spacer/liner
length, cooperating sleeves 2405 and 2406 of desired sizes are
chosen. Because the sleeves are made from a hard material,
typically a metal or metal alloy, it is not practical to cut the
tube portions thereof to a desired length during the surgical
procedure. Therefore, a variety of sleeves 2406 and 2407 are
typically provided to end users having at least three different
tube portion lengths.

[0275] With particular reference to FIG. 97, the cord 2422
is first slid into the coupler 2424 with the end 2494 being
placed within the coupler at the threaded end 2481, the cord
2422 being fed therethrough until the knobbed end 2488 of
the cord is captured within the coupler recess 2486. The rod
2425 threaded end 2482 may be mated with the coupler thread
2481 at this time or at the very end of the procedure. The cord
2422 is then successively threaded through the connector
elements as shown by the arrow G in FIG. 97, some of the
components, such as the spacer liner combinations 2410 and
2411 and the blocker/bumper 2418/2417 having been previ-
ously assembled. With reference to FIG. 99, as the cord 2422
is threaded into the assembly elements, the spacer/liner com-
binations 2410 and 2411 and the spacer 2412 are placed into
position covering or overlapping tubular portions of the
sleeves 2405,2406 and 2407. The cord 2422 is typically much
longer than shown in FIGS. 97 and 99 and then cut to length
near the end 2494 after being fully assembled with the
remaining elements of the assembly 2401, so that the cord
may be grasped and tensioned either before or after the
assembly 2401 is fixed to the bone screws 2001. If pre-
tensioning is desired, at this time, prior to implanting the
assembly, a tensioning tool (not shown) known in the art is
used to pull upon and put tension on the cord 2422 near the
end 2494. The cord 2422 is preferably tensioned until the
bumper compresses and then the set screw 2419 is rotated and
driven into the blocker 2418 and up against the cord 2422
using a driving tool (not shown) engaged with an inner drive
of the set screw 2419.

[0276] The assembly 2401 (either pre-tensioned or in a
loosely attached orientation) is implanted by inserting the
sleeve body portions into the bone screws 2001 with each
receiver 2010 being received between the two flanges of each
sleeve. Closure tops 2430 and 2431 are chosen by the surgeon
based upon whether a sliding or a gripping relationship is
desired with the particular receiver 2010.

[0277] With reference to FIG. 99, the final tensioned
assembly 2401 is shown that is substantially dynamically
loaded and oriented relative to the cooperating vertebra, pro-
viding relief (e.g., shock absorption) and protected movement
with respect to flexion, extension, distraction and compres-
sive forces placed on the assembly 2401 and the connected
bone screws 2001 as well as providing more rigid support at
the rod 2425. During complex spinal movements, the spacers
2412, 2413 and 2415 are able to move or flex away from and
towards the flanges of the sleeves 2405, 2406 and 407 without
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compromising the strength and integrity of the assembly
2401. It is noted that a problem encountered with dynamic
spinal implant systems is the need to provide adequate sup-
port with respect to bending sheer. Most spinal movements
are not purely bending movements, e.g., flexion and exten-
sion. Most movements include both bending and tension,
extension or compression. Such bending shear is not well
resisted by a cord and spacer alone that performs well in
tension, but not when the tension includes a vector force. The
present invention advantageously provides a hard, non-elastic
extension of a rigid sliding sleeve body, the extension further
located within an optional non-elastic liner of the spacer 2413
or 2415. Such features protect against vector forces while still
allowing for advantageous tension of the cord 2422 as well as
improved compression provided by the outer bumper 2417.
The cord 2422 and the sleeves 2405, 2406 and 2407 allow for
some twisting or turning, providing some relief for torsional
stresses. Furthermore, the compressed bumper 2417 and the
fixed contact between the sleeves and one end of each spacer,
as well as the fixed contact between the bumper 2417 and the
blocker 2418 places some limits on torsional movement as
well as bending movement, to provide spinal support. The
cord 2422 (in tension) and bumper 2417 (in compression)
allow for compression and some extension of the assembly
2401 located between the two bone screws 2001, e.g., shock
absorption. Another advantage of embodiments of the present
invention is that because of the inelastic sleeve extension that
slides within and is overlapped by the typically elastic spacer
located between two bone screws, the resulting assembly
2401 is more stable than a cord and spacer alone, therefore
strength of the assembly does not rely solely upon the amount
of tension placed upon the cord. Therefore, in embodiments
according to the invention, it is not necessary to place as much
tension on the cord 2422 as would be required for a more
traditional cord and spacer arrangement, thus protecting the
cord from damage of over stressing.

[0278] If removal of the assembly 2401 from any of the
bone screw assemblies 2001 is necessary, or if it is desired to
release the assembly 2401 at a particular location, disassem-
bly is accomplished by using the driving tool (not shown)
with a driving formation cooperating with internal drives of
the closure structures 2430, 2431 and 2432 to rotate and
remove such closures from the receivers 2010. Disassembly
is then accomplished in reverse order to the procedure
described previously herein for assembly.

[0279] Eventually, if the spine requires more rigid support,
the connecting member assembly 2401 according to the
invention may be removed and replaced with another longi-
tudinal connecting member, such as a solid rod or bar, having
the same width or diameter as body portions of the sleeves
2405, 2406 and 2407, utilizing the same receivers 2010 and
the closure structures 2432. Alternatively, if less support is
eventually required, a less rigid, more flexible assembly, for
example, an assembly 2401 having spacers and bumpers
made of a softer more compressible material than the spacers
and bumpers being replaced thereby, also utilizing the same
bone screws 2001.

[0280] Withreference to FIGS. 115-116, an alternative lon-
gitudinal connecting member assembly according to the
invention, generally 2401' is illustrated wherein the sleeve
2407 is replaced by a sleeve 2406' that is the same as the
sleeve 2406 with the exception that the knobbed end portion
2462 that provides a push-on fixed element attachment is
replaced by a cylindrical extension slidingly received within
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the spacer 2412, illustrating one of the many segmental stiff-
ness choices available to a surgeon with assemblies according
to the invention.

[0281] With reference to FIGS. 123-139 further alternative
connecting members according to the invention are shown
that include one or more sleeves with cooperating, spacers,
bumpers and an inner tensioned cord, such as, for example,
the connecting member, generally 3201, shown in FIG. 133.
With particular reference to FIGS. 123-131, a bone screw
3001 is illustrated with a hard, inelastic, flanged sleeve, gen-
erally 3204 through which a tensioned cord 3206 extends.
The cord 3206 is not shown in FIGS. 123-131, but see, for
example, FIG. 133, that also illustrates a cooperating cord
blocker or fixer 3210 with a cord fixing set screw 3212, an
elastic end bumper 3214, and elastic or inelastic spacers 3216
that are each located about the cord 3206 and are disposed
between each pair of bone anchors 3001 of the overall assem-
bly 3201. The assembly 3201 is assembled in the same or
similar manner as described above with respect to the assem-
blies 1 and 2401, for example. The tubular bumper 3214 and
tubular spacers 3216 shown in FIG. 133 are transparent,
allowing for viewing of the sleeves, generally 3204, and the
tensioned cord 3206 in FIG. 133. However, it is foreseen that
in other embodiments, the spacers 3216 may be made of
materials that may not be transparent or translucent. Also as
shown in FIG. 133, at least two types of bone screw closures
are utilized, either a slide or slipping closure top 3018 or 3018’
or a cord gripping closure top 3018". The tops 3018 and 3018’
are substantially identical to the closure top 210 previously
described herein, with the top 3018' further including a point
and rim. The closure top 3018" is similar to the tops 3018 and
3018', but rather than a point and rim, the top 3018' includes
a cord penetrating extension 3171. The slide or slip closure
tops 3018 and 3018' engage a respective sleeve 3204 but not
the cord 3206, allowing the cord to slip or slide within the
polyaxial screw 3001. The grip closure top 3018" extends
through the sleeve and grips and fixes the cord 3206 with
respect to the sleeve and thus fixes the cord in relation to the
polyaxial screw 3001. The illustrated extension 3171 pen-
etrates the cord 3206 and extends into a lower aperture of the
respective sleeve. Also, tubular extensions of some of the
sleeves 3204 extend into and through some of the spacers
3216. Such spacer overlap with respect to the sleeves pro-
vides advantageous anti-shear support for the connecting
member 3201. A portion of the cord blocker 3210 also
extends into a bore of the bumper 3214. The bumper 3214 also
extends about the cord 3206 and is typically made from an
elastomer while the outer spacers 3216, although typically
elastomeric, may be made from a material with a different
durometer, typically (but not always) being tougher and less
compressible than the material of the bumper 3214. The
sleeves 3204 and the spacers 3216 are typically made from a
hard, non-elastic material, such as a metal or metal alloy, like
cobalt chromium. Flanged portions of the sleeves 3204 are
located on either side of the bone screw receivers 3010, the
flanges abutting against the spacers 3216 or the bumper 3214,
the flanges extending radially outwardly to an extent to fully
engage ends of adjacent spacers or the bumper, resulting in a
stable, secure, substantially full contact between the indi-
vidual elements of the assembly 3201. Furthermore, the
flanges allow for assembly and dynamic setting of the con-
nector 3201 prior to implantation, if desired, with the cord
3206 being placed in tension and at least the bumper 3214
being placed in compression. In some embodiments of the
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invention, tensioning of the cord 3216 and compression of the
bumper 3214 and optionally the spacers 3216 may be per-
formed after the assembly 3201 is attached to the bone screws
3001.

[0282] With particular reference to FIGS. 123-129, a bone
screw assembly 3001 is illustrated with a particular sleeve
3204D. With reference to FIG. 129, the bone screw 3001
generally includes a shank 3004, a receiver 3010, an open
retainer 3012 for capturing a shank upper portion 3008 in the
receiver 3010, an insert 3014 having a planar top surface, a
spring ring 3016 for holding the insert 3014 during some of
the steps of assembly of the bone screw, and shown with the
closure top 3018'. Although a particular bone screw is shown,
the sleeves 3204 may be utilized with a variety of bone
screws, particularly those with inserts such as the insert 3014
having a low profile with either a planar top surface (or a
slightly recessed surface), providing adequate space within
the receiver for receiving both the insert 3014 at a lower
portion thereof and one sleeve 3204 at an upper portion
thereof, allowing for a larger or more substantial sleeve than,
for example, bone screws having an insert with a U-shaped
recess and arm portions that extend upwardly on either side of
the sleeve wherein the insert arms and/or the sleeve would
both be required to be relatively narrow or thin to both fit
between the receiver arms.

[0283] Sleeves 3204 of the invention are provided with or
without tubular extensions, on one or both sides thereof, and
with different lengths of tubular extensions, as best shown in
FIG. 132. Thus, each different sleeve 3204 configuration has
been further identified with a letter to indicate the type of
extension, with FIG. 132 illustrating sleeves 3204 A through
3204L. FIG. 132 also illustrates a sleeve 3204M that is a
rod/cord coupler and is further illustrated in FIGS. 134-136
and will be described in greater detail below.

[0284] The sleeves 3204A-33204F are identical with the
exception of the presence or length of one or more tubular
extension. Therefore, the sleeve 3204D will be the only sleeve
of this group discussed in detail herein with particular refer-
ence to FIGS. 123-129.

[0285] The sleeve 3204D further includes a body portion
3234 generally sized and shaped for being received within the
polyaxial bone screw 3001 receiver 3010 and a pair of
opposed tubular extensions 3235 sized and shaped to be slid-
ingly received within the spacer 3216 and over the cord 3206.
The illustrated body portion 3234 and tubular extensions
3235 are integral or otherwise fixed to one another. A through
bore 3236 extends centrally through the body portion 3234
and centrally through the tubular extensions 3235. The bore
3236 is sized and shaped to slidingly receive the cord 3206.
The body portion 3234 further includes a pair of spaced
radially extending flanges 3237 and 3238 with a partially
cylindrical and partially planar body portion being located
therebetween, the body portion having a slightly enlarged or
protruding portion or portions illustrated as opposed partially
cylindrical and partially planar extensions 3239, sized and
shaped to closely fit within the cylindrical inner arm surfaces
of the bone screw receiver 3010. The portions 3239 function
to center the sleeve within the bone screw receiver 3010 and
also advantageously strengthen the sleeve, resulting in better
load transfer. It is foreseen that in some embodiments of the
invention, the body 3234 with centering structure 3239 may
be configured to also extend down into the receiver and abut
the bone screw shank upper portion 3008 and thus eliminate
the compression insert 3014. Furthermore, in some embodi-
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ments, the flanges 3237 and 3238 may be reduced or elimi-
nated as the centering of the sleeve with respect to the bone
screw receiver 3010 may be performed by the portion or
portions 3239.

[0286] Inthe illustrated embodiment, the flanges 3237 and
3238 are substantially cylindrical having opposed planar and
annular side surfaces spaced for closely receiving the bone
screw 3001 receiver 3010. The illustrated flanges 3237 and
3238 include a lower cut-out, allowing for a close fit between
inner flange surfaces 3240 and the planar receiver base sur-
faces 3069. The body portion 3239 may be sized and shaped
to be receivable within and frictionally fixed to a variety of
monoaxial or polyaxial screw heads or receivers, including
the receiver 3010. A bore 3241 is formed in the body 3234
between the flanges 3237 and 3238, the bore 3241 transverse
to and communicating with the through bore 3236. The bore
3241 is sized and shaped to receive the closure top 3018"
therein for frictionally gripping the cord 3206, the extension
3171 penetrating the cord 3206 and extending near or into an
aperture 3241B located in the sleeve opposite the opening of
the bore 3241 and thus placing the cord 3206 in fixed relation
with the bone screw receiver 3010, if desired.

[0287] The sleeves generally 3204, as well as the cord
blocker 3210 with set screw 3212 may be made from a variety
of inelastic materials, including, but not limited to metals,
metal alloys, including cobalt chromium, and inelastic plas-
tics including, but not limited to plastic polymers such as
polyetheretherketone (PEEK), ultra-high-molecular weight-
polyethylene (UHMWP), polyurethanes and composites,
including composites containing carbon fiber and layers of
different materials.

[0288] With reference to FIGS. 130-132, lordotic sleeves
3204G-3204L are also shown. The sleeves 3204G-3204L are
identical to the sleeves 3204A-3204F, respectively, with the
exception that flanges 3237' and 3238' are provided that slope
at an angle, inwardly towards the bone screw receiver 3010 as
best shown in FIG. 131 (that illustrates the use of the sleeve
32041J) and also in the assembly 3201 shown in FIG. 133 that
illustrates the use of a plurality of lordotic sleeves.

[0289] With reference to FIG. 132 and FIGS. 134-136, the
sleeve and rod/cord coupler 3204M includes a sleeve body
portion 3234', one tubular extension 3235', a single flange
3238" and a partial through bore 3236' substantially similar to
the respective sleeve body 3234, tubular extensions 3235,
flanges 3238 and through bore 3236 of the other sleeves
3204A-3204F. At an end opposed to the tubular extension
3235', the body portion 3234' is integral with an elongate solid
rod portion 3250. Also, formed in the body portion 3234' is an
aperture or through bore 3251 transverse to and communicat-
ing with the bore 3236', the through bore 3251 sized and
shaped to closely receive a cord holding pin 3252. The pin
3252, if used, extends completely through the cord 3206,
independently fixing the cord 3206 to the sleeve 3204M.
Alternatively, in some embodiments of the invention, the pin
3252 is not used and a closure top 3018" may be inserted
within a bore 3241' of the sleeve/coupler 3204M to fix the
cord 3206 to the sleeve 3204M. In the illustrated embodi-
ment, the bores 3241' and 3251 are substantially parallel to
one another. The rod portion 3250 may be provided in a
variety of lengths (or cut to length) to cooperate with one or
more bone screws to provide a rigid support end to a dynamic
assembly, such as the assembly 3201 shown in FIG. 133.
[0290] With reference to FIGS. 137-139, a set of alternative
sleeves, generally 3304, are shown that are substantially simi-
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lar to the sleeves 3204 previously described herein, with the
exception of surface features 3345 that allows for a press or
friction fit with the receiver 3010. Therefore, the sleeves 3304
each include a sleeve body 3334, two, one or no tubular
extensions 3335, a through bore 3336, a pair of flanges 3337
and 3338, a partially cylindrical body portion 3339, inner
flange surfaces 3340 and a vertical bore 3341 that are the same
or similar to the respective sleeve body 3234, tubular exten-
sions 3235, through bore 3236, pair of flanges 3237 and 3238,
partially cylindrical body portion 3239, inner flange surfaces
3240 and vertical bore 3241 of the sleeves, generally 3204
previously described herein. The pair of opposed press fit
surface features 3345 are located on either side of the cylin-
drical portion 3339 and in operation are disposed between the
receiver arms at or near a run-out of the guide and advance-
ment structure for the closure top and a discontinuous cylin-
drical surface 3086. As the sleeve 3304 is pressed down-
wardly toward the receiver base, the surfaces 3345 engage the
surface 3086, providing a snug, but adjustable fit between the
sleeve 3304 and the receiver arms.

[0291] With reference to FIGS. 140-154 a polyaxial bone
screw 4001 that does not include a pressure insert is shown
being used in a connecting member 4201 that includes
another embodiment of a sleeve, generally 4204, according
the invention. The connecting member 4201 includes one or
more sleeves, generally 4204 with cooperating, spacers,
bumpers and an inner tensioned cord, such as, for example,
shown in FIG. 154. The illustrated bone screw 4001 generally
includes a shank 4004, an open retainer 4012, a receiver 4010
and is shown in FIG. 140 with a slip or slide closure top 4018
and a gripping closure top 4018' as well as one of the sleeves
4204. The sleeves 4204 are hard, inelastic and flanged,
through which a tensioned cord 4206 extends as shown in
FIG. 154. FIG. 154 also illustrates a cooperating cord blocker
or fixer 4210 with a cord fixing set screw 4212, an elastic end
bumper 4214, and elastic or inelastic spacers 4216 that are
each located about the cord 4206 and are disposed between
each pair of bone anchors 4001 of the overall assembly 4201.
The tubular bumper 4214 and tubular spacers 4216 shown in
FIG. 154 are transparent, allowing for viewing of the sleeves,
generally 4204, and the tensioned cord 4206 in FIG. 154.
However, it is foreseen that in other embodiments, the spacers
4216 may be made of materials that may not be transparent or
translucent. Also as shown in FIG. 154, two types of bone
screw closures are utilized, either the slide or slipping closure
top 4018 previously described herein (e.g., closure 2432 of
the assembly 2401 or closure 3018’ of the assembly 3201) or
acord gripping closure top 4018’ similar to the top 2431 of the
assembly 2401. The slide or slip closure top 4018 engages a
respective sleeve 4204 but not the cord 4206, allowing the
cord to slip or slide within the polyaxial screw 4001. The grip
closure top 4018' extends through the sleeve and grips and
fixes the cord 40206 against a surface of the sleeve and thus
fixes the cord in relation to the polyaxial screw 4001. Tubular
extensions of some of the sleeves 4204 may extend into and
through some of the spacers 4216. Such spacer overlap with
respect to the sleeves provides advantageous anti-shear sup-
port for the connecting member 4201. A portion of the cord
blocker 4210 also extends into a bore of the bumper 4214. The
bumper 4214 also extends about the cord 4206 and is typi-
cally made from an elastomer while the outer spacers 4216,
although typically elastomeric, may be made from a material
with a different durometer, typically (but not always) being
tougher and less compressible than the material of the bumper
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4214. The sleeves 4204 and the spacers 4216 are typically
made from a hard, non-elastic material, such as a metal or
metal alloy, like cobalt chromium. Flanged portions of the
sleeves 4204 are located on either side of the bone screw
receivers 4010, the flanges abutting against the spacers 4216
or the bumper 4214, the flanges extending radially outwardly
to an extent to fully engage ends of adjacent spacers or the
bumper, resulting in a stable, secure, substantially full contact
between the individual elements of the assembly 4201. Fur-
thermore, the flanges allow for assembly and dynamic setting
of the connector 4201 prior to implantation, if desired, with
the cord 4206 being placed in tension and at least the bumper
4214 being placed in compression. In some embodiments of
the invention, tensioning of the cord 4216 and compression of
the bumper 4214 and optionally the spacers 4216 may be
performed after the assembly 4201 is attached to the bone
screws 4001.

[0292] With particular reference to FI1G. 141, three differ-
ent types of sleeves 4204, shown without tubular extensions,
are illustrated. They are a parallel flanged sleeve 4204 A, an
angled or lordotic sleeve 42048 and a transition sleeve 4204C
that includes a rod/cord coupler. As stated above, sleeves
4204 ofthe invention may be provided with or without tubular
extensions, on one or both sides thereof, and with different
lengths of tubular extensions, as best shown in FIG. 154. The
sleeves 4204 A shown in FIG. 154 may include an extension
4800 on one side thereof, pairs of substantially identical
extensions 4810 or 4820, or for example, opposing extensions
4830 and 4831 of different lengths, to name a few. The illus-
trated sleeve with rod/cord coupler 4204C also includes a
tubular extension 4840.

[0293] With particular reference to FIGS. 142-147, the
bone screw assembly 4001 is illustrated with the sleeve
4204A. The sleeve 4204 A further includes a body portion
4234 generally sized and shaped for being received within the
polyaxial bone screw 4001 receiver 4010 and about the cord
4206. A through bore 4236 extends centrally through the
body portion 4234, the bore 4236 being sized and shaped to
slidingly receive the cord 4206. The body portion 4234 fur-
ther includes a pair of spaced radially extending flanges 4237
and 4238 with a partially cylindrical and partially planar body
portion being located therebetween, the body portion having
a slightly enlarged or protruding portion or portions illus-
trated as opposed faceted or partially cylindrical and partially
planar extensions 4239, sized and shaped to closely fit within
the cylindrical inner arm surfaces of the bone screw receiver
4010. The portions 4239 function to center the sleeve within
the bone screw receiver 4010 and also advantageously
strengthen the sleeve, resulting in better load transfer. The
body 4234 with centering structure 4239 further includes a
bottom surface 4240 having a roughened or as illustrated,
textured surface with ridges or points 4241 configured to abut
against, engage and penetrate the domed surface 4040 of the
shank upper portion 4008 as best shown in FIG. 146. The
surface portion 4241 may also be cupped or radiused without
spikes or ridges.

[0294] Itis foreseen that in some embodiments, the flanges
4237 and 4238 may be reduced or eliminated as the centering
of'the sleeve with respect to the bone screw receiver 4010 may
be performed by the portion or portions 4239. In the illus-
trated embodiment, the flanges 4237 and 4238 are substan-
tially cylindrical having opposed planar and annular side
surfaces 4242 spaced for closely receiving the bone screw
4001 receiver 4010. The illustrated flanges 4237 and 4238
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include a lower cut-out, allowing for a close fit between inner
flange surfaces 4242 and the receiver base surfaces. The body
portion 4239 may be sized and shaped to be receivable within
and frictionally fixed to a variety of monoaxial or polyaxial
screw heads or receivers, including the receiver 4010. The
body portion 4239 may also be configured to provide a lock
and release feature as previously discussed herein with
respectto the sleeves 3304 shown in FIG. 137, for example. A
bore 4243 is formed in the body 4234 between the flanges
4237 and 4238, the bore 4243 transverse to and communicat-
ing with the through bore 4236. The bore 4243 is sized and
shaped to receive the closure top 4018 or 4018' therein. As
illustrated in FIG. 147, the closure top 4018’ is inserted in the
sleeve 4204 A with the extension 4169' extending into the
sleeve 4204A for frictionally gripping a cord 4206 (not
shown) against an internal surface defining the through bore
4236, and thus placing such cord 4206 in fixed relation with
the bone screw receiver 4010, if desired.

[0295] The sleeves, generally 4204, as well as the cord
blocker 4210 with set screw 4212 may be made from a variety
of inelastic materials, including, but not limited to metals,
metal alloys, including cobalt chromium, and inelastic plas-
tics including, but not limited to plastic polymers such as
polyetheretherketone (PEEK), ultra-high-molecular weight-
polyethylene (UHMWP), polyurethanes and composites,
including composites containing carbon fiber and layers of
different materials.

[0296] With reference to FIGS. 141 and 148-150, the lor-
dotic sleeve 4204B is illustrated. The sleeve 4204B is identi-
cal to the sleeve 4204 A with the exception that flanges 4237
and 4238' are provided that slope at an angle, inwardly
towards the bone screw receiver 4010 as best shown in FIG.
148.

[0297] With reference to FIG. 141 and FIGS. 151-153, the
sleeve and rod/cord coupler 4204C includes a sleeve body
portion 4234", a single flange 4238" and a partial through
bore 4236" substantially similar to the respective sleeve body
4234, flange 4238 and through bore 4236 of the sleeve
4204A. At an end opposed to the flange 4238", the body
portion 4234" is integral with an elongate solid rod portion
4250. Also, formed in the body portion 4234" is an aperture or
through bore 4251 transverse to and communicating with the
bore 4236", the through bore 4251 sized and shaped to closely
receive a cord holding pin 4252. The pin 4252, if used,
extends completely through the cord 4206, independently
fixing the cord 4206 to the sleeve 4204C. Alternatively, in
some embodiments of the invention, the pin 4252 is not used
and a closure top 4018' may be inserted within a bore 4243" of
the sleeve/coupler 4204C to fix the cord 4206 to the sleeve
4204C. In the illustrated embodiment, the bores 4243" and
4251 are substantially parallel to one another. The rod portion
4250 may be provided in a variety of lengths (or cut to length)
to cooperate with one or more bone screws to provide a rigid
support end to a dynamic assembly, such as the assembly
4201 shown in FIG. 154.

[0298] Itis to be understood that while certain forms of the
present invention have been illustrated and described herein,
it is not to be limited to the specific forms or arrangement of
parts described and shown.

What is claimed and desired to be secured by Letters Patent
is as follows:

1. In a medical implant assembly having at least first and
second bone anchors cooperating with a longitudinal con-
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necting member having a tensioned cord, the bone anchors
having opposed upstanding arms, the improvement compris-
ing:

a) a first non-elastic sleeve for attachment to the first bone
anchor, the first sleeve having a first through bore sized
and shaped for slidably receiving the tensioned cord, a
first aperture formed in the sleeve substantially trans-
verse to the through bore, the aperture sized and shaped
for receiving a portion of a first optional cord gripping
closure top and a first body portion sized and shaped for
being closely received between the bone anchor arms;

b) a second non-elastic sleeve for attachment to the second
bone anchor, the second sleeve having a second through
bore sized and shaped for slidably receiving the ten-
sioned cord, a second aperture formed in the sleeve
substantially transverse to the second through bore, the
second aperture sized and shaped for receiving a portion
of a second optional cord gripping closure top and a
second body portion sized and shaped for being closely
received between the second bone anchor arms;

c) a spacer located between the first and second bone
anchors, the spacer engaging each of the first and second
sleeves, the cord extending through the spacer and held
in tension at least first and second ends of the connecting
member; and

d) wherein at least one of the first and second sleeves
includes an outer flange abutting against an outer surface
of the spacer.

2. The improvement of claim 1 wherein the outer flange is

a first outer flange and further comprising a second outer
flange disposed at an obtuse angle with respect to the first
outer flange, each flange being disposed outside of the bone
anchor.

3. The improvement of claim 2 further comprising at least
one tubular structure extending outwardly from at least one of
the flanges.

4. The improvement of claim 1 wherein at least one of the
first and second sleeves has a first U-shaped lower surface
sized and shaped to frictionally engage a second U-shaped
surface of a pressure insert located within the bone anchor.

5. In a surgical method for implanting a tensioned cord
between at least first and second implanted bone anchors with
aspacer disposed between the bone anchors, the bone anchors
having opposed upstanding arms, the improvement compris-
ing:

a) providing a first non-elastic sleeve for attachment to the
first bone anchor, the first sleeve having a first through
bore sized and shaped for slidably receiving the cord, a
first aperture formed in the sleeve substantially trans-
verse to the through bore, the aperture sized and shaped
for receiving a portion of a first optional cord gripping
closure top and a first body portion sized and shaped for
being closely received between the bone anchor arms;

b) providing a second non-elastic sleeve for attachment to
the second bone anchor, the second sleeve having a
second through bore sized and shaped for slidably
receiving the cord, a second aperture formed in the
sleeve substantially transverse to the second through
bore, the second aperture sized and shaped for receiving
a portion of a second optional cord gripping closure top
and a second body portion sized and shaped for being
closely received between the second bone anchor arms;

¢) loading the first sleeve on the cord, followed by the
spacer, followed by the second sleeve;
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d) inserting the first sleeve in the first bone anchor and the
second sleeve in the second bone anchor;

e) tensioning the cord and fixing the cord at each end of the
connector;

f) optionally fixing the cord to one of the first and second
bone anchors by inserting a closure top through one of
the first and second sleeves into engagement with the
cord; and

g) optionally allowing the cord to slip with respect to one of
the first and second bone anchors by inserting a closure
top into one of the first and second bone anchors, the
closure top having an end surface that remains spaced
from the sleeve aperture.

6. In a medical implant assembly having first and second
bone anchors cooperating with a longitudinal connecting
member having a tensioned cord, the improvement compris-
ing:

a) a non-clastic sleeve for attachment to the first bone
anchor, the sleeve having a body portion sized and
shaped for being closely received between opposed arms
of the first bone anchor;

b) a spacer located between the first and second bone
anchors, the cord extending through the spacer and held
in tension at at least first and second ends of the connect-
ing member; and

¢) a blocker, the first bone anchor being located between
the blocker and the spacer, the blocker located near the
sleeve, the blocker being fixed to the tensioned cord.

7. The improvement of claim 6 wherein the blocker is

adjacent the first bone anchor.

8. The improvement of claim 6 wherein the blocker
engages the sleeve.

9. The improvement of claim 6 further comprising a
bumper located between the blocker and the first bone anchor.

10. The improvement of claim 6 wherein the second bone
anchor is a monoaxial bone screw fixed to the cord.

11. The improvement of claim 6 wherein the at least one
sleeve is a first sleeve and further comprising a second sleeve,
the second sleeve for attachment to the second bone anchor.

12. In a medical implant assembly having first and second
bone anchors cooperating with a longitudinal connecting
member having a tensioned cord, each of the bone anchors
having opposed upstanding arms, the assembly comprising:

a) a non-clastic sleeve for attachment to the first bone
anchor, the sleeve having a body positionable entirely
between the inner surfaces of the bone anchor arms, a
cylindrical longitudinally projecting central extension
for engagement of a tube-like spacer, and a longitudinal
through bore extending through the body and the central
extension for receiving the cord therethrough;

b) the central extension being adapted to project outwardly
beyond the bone anchor arms; and

¢) a tube-like spacer disposed about the central extension
and engaging both the sleeve body and the bone anchor
arms.

13. The assembly of claim 12 wherein the sleeve has a first
U-shaped lower surface sized and shaped to frictionally
engage a second U-shaped surface of a pressure insert located
within the first bone anchor.

14. In a medical implant assembly having first and second
bone anchors cooperating with a longitudinal connecting
member having a tensioned cord, each of the bone anchors
having opposed upstanding arms with inner surfaces, the
assembly comprising:
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a) a non-elastic sleeve for attachment to the first bone
anchor, the sleeve having a body positionable entirely
between the inner surfaces of the bone anchor arms;

b) a spacer, the sleeve having a longitudinally projecting
central extension cooperating with the spacer;

c) the sleeve having a longitudinal through bore extending
through the sleeve body and the central extension for
receiving the cord therethrough;

d) the central extension being adapted to project outwardly
beyond the bone anchor arms and wherein

e) the spacer overlaps the sleeve central extension and the
spacer disposed about the central extension and engag-
ing both the sleeve body and the bone anchor arms.

15. The assembly of claim 14 wherein the sleeve has a first
U-shaped lower surface sized and shaped to frictionally
engage a second U-shaped surface of a pressure insert located
within the bone anchor.

16. In a medical implant assembly having first and second
bone anchors cooperating with a longitudinal connecting
member having a central core, each of the bone anchors
having inner surfaces and opposed upstanding arms, the
assembly comprising:

a) a non-elastic sleeve for attachment to the first bone
anchor having a first end and a second end, the sleeve
having a body positionable between the inner surfaces of
the bone anchor arms, a cylindrical longitudinally pro-
jecting central extension on the first end, an elongate
solid rod portion on the second end, and a longitudinal
bore extending through the body and the central exten-
sion for receiving the cord therethrough;

b) a tub-like spacer engaging the central extension; and

¢) the central extension projecting outwardly beyond the
bone anchor arms.

17. The assembly of claim 16, wherein the sleeve body and

the central extension are integral.

18. The assembly of claim 16, wherein the tube-like spacer
being disposed about the central extension and engages both
the sleeve body and the first bone anchor arms.

19. The assembly of claim 18, further comprising a hard
liner disposed between the central extension and the spacer,
the central extension being in slidable relation with the hard
liner, the liner being in fixed relation with respect to the
spacer.

20. The assembly of claim 16, further comprising a closure
top having an extended portion in gripping contact with the
core and fixed to the sleeve body.

21. The assembly of claim 16, wherein the sleeve includes
an outer flange abutting against an outer surface of the spacer.

22. The assembly of claim 16, wherein the sleeve has an
outer surface flush with an outer surface of the first bone
anchor.

23. The assembly of claim 16, wherein the sleeve has a first
U-shaped lower surface sized and shaped to frictionally
engage a second U-shaped surface of a pressure insert located
within the first bone anchor.

24. The assembly of claim 16, wherein the sleeve has a first
planar surface in frictional engagement with a second planar
surface of a pressure insert located within the first bone
anchor.

25. The assembly of claim 16, wherein the first bone anchor
is a polyaxial bone screw having a shank pivotable with
respect to a receiver, the sleeve being held within the receiver
and directly engaging the shank.
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26. The assembly of claim 16, comprising a pin having an
extended portion in operational gripping contact with the core
and fixed to the sleeve body.

27. The assembly of claim 21, wherein the outer flange is
disposed at an obtuse angle with respect to the elongate rod.

28. In a medical implant assembly having first and second
bone anchors cooperating with a longitudinal connecting
member having a central core, each of the bone anchors
having opposed upstanding arms with inner surfaces, the
assembly comprising:

a) a non-clastic sleeve for attachment to the first bone
anchor having a first end and a second end, the sleeve
having a body positionable between the inner surfaces of
the first bone anchor arms, a cylindrical longitudinally
projecting central extension on the first end, an elongate
solid rod portion on the second end, and a longitudinal
bore extending through the body and the central exten-
sion for receiving the cord therethrough;

b) a tube-like spacer engaging the central extension;

c) the central extension projecting outwardly beyond the
first bone anchor arms;

d) the spacer engaging the first end, and the core extending
through the spacer.

29. The assembly of claim 28, wherein the sleeve body and

the central extension are integral.

30. The assembly of claim 29, further comprising a hard
liner disposed between the central extension and the spacer,
the central extension being in slidable relation with the hard
liner, the liner being in fixed relation with respect to the
spacer.

31. The assembly of claim 28, further comprising a closure
top having an extended portion in gripping contact with the
core and fixed to the sleeve body.

32. The assembly of claim 28, wherein the sleeve includes
an outer flange abutting against an outer surface of the spacer.

33. The assembly of claim 28, wherein the sleeve has an
outer surface flush with an outer surface of the first bone
anchor.

34. The assembly of claim 28, wherein the sleeve has a first
U-shaped lower surface sized and shaped to frictionally
engage a second U-shaped surface of a pressure insert located
within the first bone anchor.

35. The assembly of claim 28, wherein the sleeve has a first
planar surface in frictional engagement with a second planar
surface of a pressure insert located within the first bone
anchor.

36. The assembly of claim 28, wherein the first bone anchor
is a polyaxial bone screw having a shank pivotable with
respect to a receiver, the sleeve being held within the receiver
and directly engaging the shank.

37. The assembly of claim 28, comprising a pin having an
extended portion in operational gripping contact with the core
and fixed to the sleeve body.

38. The assembly of claim 22, wherein the outer flange is
disposed at an obtuse angle with respect to the elongate rod.
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39. In a medical implant assembly having first and second
bone anchors cooperating with a longitudinal connecting
member having a tensioned cord, each of the bone anchors
having opposed upstanding arms with inner surfaces, the
improvement comprising:

a) a non-elastic sleeve for attachment to one of the first
bone anchor, the sleeve having a body positionable
between the inner surfaces of the first bone anchor arms
having a first end and a second end, a longitudinally
projecting central extension on the first end, an elongate
solid rod portion on the second end, and a longitudinal
through bore extending through the sleeve body and the
central extension for receiving the cord therethrough;

b) a spacer cooperating with the central extension;

b) the central extension being adapted to project outwardly
beyond the first bone anchor arms, and wherein

c) the spacer overlaps the sleeve central extension.

40. The improvement of claim 39, wherein the sleeve body
and the central extension are integral.

41. The improvement of claim 40, further comprising a
hard liner disposed between the central extension and the
spacer, the central extension being in slidable relation with
the hard liner, the liner being in fixed relation with the spacer.

42. The improvement of claim 39, comprising a closure top
having an extended portion in gripping contact with the cord
and fixed to the sleeve body.

43. The improvement of claim 39, wherein the sleeve
includes an outer flange abutting against an outer surface of
the spacer.

44. The improvement of claim 39, wherein the sleeve has
an outer surface flush with an outer surface of the bone
anchor.

45. The improvement of claim 39, wherein the sleeve has a
first U-shaped lower surface sized and shaped to frictionally
engage a second U-shaped surface of a pressure insert located
within the first bone anchor.

46. The improvement of claim 39, wherein the sleeve has a
first planar surface in frictional engagement with a second
planar surface of a pressure insert located within the first bone
anchor.

47. The improvement of claim 39, wherein the first bone
anchor is a polyaxial bone screw having a shank pivotable
with respect to a receiver, the sleeve being held within the
receiver and directly engaging the shank.

48. The improvement of claim 39, further comprising a pin
having an extended portion in operational gripping contact
with the cord and fixed to the sleeve body.

49. The improvement of claim 43, wherein the outer flange
is disposed at an obtuse angle with respect to the elongate rod.
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