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(57} ABSTRACT

A dynamic fixation medical implant inclodes a longitudinal
connecting member assembly having an clongate coil-like
outer member and an inner eylindrical core attached 1o the
ouler member o only one end thereofl, Some assemblics
include a second longitudinal connecting member in the form
of a rod that is fixed to the inner core and extesds outwardly
from ihe assembly. Certain assemblies include a threaded
coreor thresded inserts that cooperite with a helical slitof the
coil-like outer member. Two or more cooperating bone screw
assemblies attach 1o the connecting member assembly, The
bone screw assemblies may include upper and lower com-
pression members for affixing to and cradling the eoil-like
outer member only, allowing relative movement between the
outer member and the inner cylindrical core. Press fin or
snap=on features attach one end of the coil-like outer member
1o one end of the inner cylindrical core.
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DY NAMIC FIXATION ASSEMBLIES WITH
INNER CORE AND OUTER COIL-LIKE
MEMEBER

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is o continsation of U5, patent
application Ser. Mo, 11/522 303, filed Sep. 14, 2006 that was
a continuation-in-part of Ser. No. 117328 481 filed Jan. 9,
200k which is a continuation-in-pant of Ser. No. 1 1/272 508
filed Mowv. 10, 2005 that claims the benefit of U5, Provisional
Application Ko, #0/630,536 liled Nov. 25, 2004 and which is
a continmtion-in-pan of Ser. No, 100996289, filed Nov, 23,
2004, and which iz a continuation-in-part of Ser. No. 10/789,
149, filed Feb. 27, 2004; a continuation-in-part of Ser. No,
11/178,854 filed Jul. 11, 2005 which clainis benefit of US.
Provisional Application No, 600655239 filed Feb. 22, 2005:a
conlinuation-in-pan of Ser. No, 1986377 filed Mov, 10,
2004 and a continuation-in-part of Ser. No. 11/024,543 filed
Dee. 20, 2004, all of which are incorporated by refercisce
herein. This application also claims the benefit of the follow-
ing UL.5. Provisional Applications: Mo, 600722,300 filed Sep.
30, 2005; No. 600725443 filed Ocr. 11, 2005; No. 60/728.912
filed Oct. 21, 2005; No. 60¢736,112 filed Nov. 10, 2005; and
Mo. 60832, 644 filed Jul. 21, 2006; all of which are incorpo-
rated by reference herein.

BACKGROUND OF THE INVENTION

[0002]  The present invention i directed 1o dynamic fixa-
tion assemblies for use in bone sungery. porticulady spinal
surgery, and in particular to longitudinal conveciing members
and cooperating bone anchors or fsteners for such assem-
blies, the connecting members being atiached io at least two
bone fasteners.

[B003] Historically, it has been commeon 1o fuse adjacent
veriehrae that are placed in fixed relation by the installation
therealong of bone serews or other bone anchors and cooper-
ating longinedinal connecting members or other elongate
members. Fusion results in the permancnt inintobilization of
one or more of the intervertebral joints. Because the anchor-
ing of bone screws, hooks and other tvpes of anchors direetly
10 a vericbr can resull in significant forees being placed on
the vertebra, amd such forces may ultimately result in the
loosening of the bone serew or other anchor from the veriebra,
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-
udinal connecting members have been designed that areofa
material, size and shape to largely resist flexure, extension,
torsion, distraction and compression, and thus substantially
immrbilize the portion of the spine that 15 to be fused. Thus,
longitudinal connecting nrembers are typically uniform along
an entire length thereof, and usually made from a single or
integral picee of material having a uniform diameter or width
of o stze 1o provide substantially ngidd suppon in all planes.
[D00d4]  Fusion, however, has some undesirable side effiects.
Oine apparent skde effect is the immohilizaton ol a portion of
the spine. Furthermore, although fusion may result in a
strengthened portion of the spine, it also has been linked (o
mare rapid degeneration and even hyper-mohility and col-
lapse of spinal motion segments that are adjacent to the por-
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tion of the spine being fused, reducing or elimnating the
ability of such spinal joints o move in a more nonmal relation
1o one another. In certain instances, fusion has also filed 1o
provide pain relict.

[0005]  An altemative 1o fusion and the vse of more rgid
longitudinal conmecting members or other Agid structure his
been a “soft™ or “dyvnamic” stabilization approach in which a
flexible loop-, 8-, C- or U-shaped member or a coil-like
andfor a spring-like member is utilized as an clastic longitu-
dinal connecting member fived between a pair of pedicle
erews 1o an aftempl o create, as much as possible, a normal
leading patiern between the veriebrae in flexion, exiension,
distraction, compression. zide bending and torsion. Problems
may arise with such devices, however, including lack of
adequate spinal support and lack of fatigue strength or endur-
ance himit, Fatigue strength bas been defined a5 the repeated
leading and unbooding of a specific stress on o materil stric-
tupeuntil it fails. Fatigue strength can be tensile of distraction,
compression, shear, torsion, bending, or a combination of
these. The complex dynamic conditions sssociated with spi-
nal movement therefore provide quite o challenge for the
design of elongante elastic longitudinal connecting members
ihat exhibit an adequate fatigee strength 1o provide stabiliza-
tion and protected motion of e spine, without fusion, and
allow for some natural movement of the portion of the spine
being reinforced and supported by the clongate elastic or
flexible connecting member.

SUMMARY OF THE INVENTION

[0006] Polyaxial bone screw asscmblies according to the
invention include longitudin] connecting members that pro-
vide dynamic, protected motion of the spine. One aspect of
the invention is a dynamic medical implant assembly that
includes at least two bone attachment structures and further
includes an elastic and fexible longitudinal connecting mem-
ber having an inner cylindrical core and an owter coil-like
member. In a neutral unloaded position, the owter coil-like
member is in contact with and aiiached to the cylindrical core
at only one location. The cylindrical core is receivable in the
coil-like member along a substantial length thereo . The outer
coil-like member s thus in shiding engagement with the inner
cvlimdrical core in both an axial direction and worsioaally
about a substantial length of the core when the core is fixed
with respect to coil-like member at a discrete loeation, for
example at ends thereof,

[0007]  According to another aspect of the invention, the
inner cylindrical core includes a helical thread for cooperat-
ing with the cuter coil-like member. The thread may be inte-
wral with or otherwise fixed 1w the inner ovlindrical core, The
thiresd of the evlindrcsl core has substantially the same pitch
as the helical slit of the outer coil-like member and is thus
threadably receivable in the owter member adjacent 1o the
internal surface and extending along a substantial length of
the oater member, The outer coil-like member 15 in shiding
engagement with the inner cylindrical core in a direction
alomg the axis and torsionally when the core is fixed 1o andior
in contact with the coil-like member af one end thereof. The
inner thread is sized and shaped (o extend only partially into
the helical slit of the outer core. Furthermore, the thread is
spaced from the coil surfsces defining the helical shin, such
theat there = an axial gap between the core thread and the
surfeces defining the helical slit, The threaded core and the
coil may be costed, using methods such as ion bonding, 1o
provide an ultra hird, ultm thin, wli smooth and ultra slick
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coaling 1o provide wear resistanl hardness and Dmited wear
debris between the contact surfaces.

[0008]  According to another aspect of the mvention, o or
more threaded inserts are provided that slidingly mate with
the inner eylindrical core and threadably cooperate with the
outer coil-like member. The inner core further includes a
support strscture fixedly attached or integral thereto, that may
be, for example, o solid rod disposed a1 an end of (he inner
core and sized and shaped 1o extend outwardly away from the
coil-like member. Altematively or addittonally, the suppon
structure may be in the form of a helical projection disposed
at any desired location along ihe inner core and sized and
shaped 10 protect the outer coil-like fexible member from
being crushed or otherwise deformed by a closure member or
compression inser pressing against the Mexible member at
the bone attachment structure. One or more tubular adjustable
support structuses are also provided, esch with a helical pro-
Jecton for cooperation with the owler coal-like member, The
fubular support structures are receivable on the inner core
with the thread thereol receivable in the shit of the coil-like
member and also extendible therethrough. In one of the illus-
trated embodiments, the outer coil-like member 1s clamped to
each of the bone attachment structures at the location of the
fixed and adjustable wbular supports, with the projection of
each respective support extending through the slit in the outer
flexible member directly resisting clamping pressure exerted
by o closure strecture or other compression member or inser
that captures or otherwise connects with the bongitudin)
connecting member within a receiver of the anachment siruc-
e,

[B009]  In the illusimied embodiments, the outer coil-like
member includes an internal substantially cvlindrical surface
and an external substantially cylindrical surface. The ouler
coil-like member funher defines a helical slit extending
through the intermal surfsce and the external surfasce and also
preferably nuns along o substantial length of the coil-like
member and may include the entire length of the coil-like
member, The cylindrical core is thus receivable in the outer
member adjacent to the intemal surface and extends along a
substantial length of the outer member, the outer coil-like
member being moveable with respect o the inner cylindrical
core in a direction along the axis and torsionally when the
core is fixed 1o and/or in contzct with the coil-like member at
least one bocation. While the illustrated embodiment of the
invention are il lustrated as linear, i11s foreseen that they could
b curvilinear.

[0010]  In certain embodiments of the invention, the inner
eylindrical core may be connected 1w the coil-like member
with s snap-on, press i, or other tvpe of connection. Alter-
natively or additionally, when the inner core includes a helical
thread, an end portion of the helical thread may be thickened
1o engage the coil-like member surfices at the helical slin
thereol, and be of o radiol length o completely extend
throwgh the helical slit of the coil-like member. This creates a
tvpe of press fit between the core and coil-like member that is
reinforced when a bone attachment structure placed at the
press fit location presses against both the coil and a portion of
the thresd of the core. The thread winding along a remander
of the ¢ore has an ouler diameter tha 15 recheced, such tlat any
oilber bone aftachiment structures along the length of the core
and coil combination do not press against the thresd of the
core, but press exclusively against the coil outer cylindrical
surface.
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[0011] According to an aspect of the mvention, the ouler
coil-like member external surface = clomped 1o cach of the
bone attachment structures in such a manner that the inner
cylindrical core remains movable with respect to the outer
coil-like member intermal surfoce and also with o beast one
bone attochment strecture and therefore the evlindrical core
does not participate in or provide any means for torsional
clasticity or axial compression and distraction along the coil-
like member. Specifically, upper and lower compression
members disposed in each of the bone attachment structunes
have mdiused inner surfaces stzed and shaped for exclusive
frictional engagement with the outer coil-like member exter-
nal surface, The compression members cooperate to clamp
only the ouier coil i one or more of the bone atiachment
struetures and n crush or otherwise press against the inner
evlimdrical core on at lesst one end thereof. Thus the inner
cylindrical core remains in slidable relationship with respect
1o the cuter coil-like member along a length thereof. Incertain
embodiments the upper and lower compression members
directly contact one another, with the upper compression
member pressing wpon both the lower compression member
amd the outer coil-like member. In another illustrated embodi-
meent, the compression members cooperate with a closure
structure el mnclodes an ower fastener and an inner sel
serew, The outer fstener is pressable upon the lower com-
pression member while the inner set screw is pressable on the
upper compression member, the upper and bower compres-
sion members being in slidable contact.

[0012]  According 1o another aspect of the invention, the
bone attachment structure includes a shank or other anchor
that has a surface altered by o surface roughening treatment
and/or a coating io provide a bivactive interface between the
bone attachment structure amnd a vertebra, or &l least some
component of bone bonding or bone ingrowth into the bone
screw shank or other anchor, Such assemblics may include
bone serew shanks that are either trepted 1o provide for a
roughened or porous surface, such as by plasma spraying.
cleaning orcosting. Furthermore, such trestment may include
coaling with a metal to create a scaffold for bone ingrowih or
coating with other materiaks such as calcium phosphate bio-
ceramics including hydroxyvapatite and iri-calcium phosphate
thant actively take part in bone bonding. A further aspect of the
invention mchides providing the longitudinal connecting
member with a coating, slit filling and'or covering or sheath
sized and shaped to prevent bone and'or soft tissue ingrowih
on or in e coil-like member and the helical slit or slins
formed thereby. In addition, the inner core andfor intemal
surfsce of the coil-like member can be coated, chemically
treated or sheathed with hard, low friction materals to
improve performange and decrease wear debris.

[0013]  According 10 a funber aspect of the ivention, the
smooth cylindrical or threaded inner core may be fixedly
attached or integral with an additional connecting member at
one end thereol, that is illustrated herein as a rod having a
length for attechment to ot least one and up 1o a plurlity of
bone serews. The illustrated sdditional connecting member is
solid, but may be hollow, and typically has a diameter greater
than a diameter of the inner core but of equal, greater or lesser
diameter than an onter diameter of the coil-like member, The
additional connecting member is typically evlindrical, having
a circular cross section, bul may also be of other shapes
including rectangular, square, or other polygonal or curved
crmss sections.

OBJECTS AND ADVANTAGES OF THE
INVEMTTON
[0014] Therefore, it is an object of the present invention 1o
overcome one or more of the problems with bone attachment

Zimvie_Zimmer Biomet v. Jackson
IPR2023-01432; Petitioners’ EX1007
Page 23 of 45



US 2010/0312287 Al

assemblies desenbed above, An obpect of the mvention is to
provide dynamic medical implant stabilization assemblies
having longitudingl connecting members that include an
inner core insertable into an outer coil-like portion that is
movable relative 1o the inner core when implanted. Another
object of the imvention is 1o provide dynamic medical implant
stabalization assemblies that include bone screws having an
affinity 1o bone. Also, itis an object of the invention 1o provide
a bone fixation assembly that includes a receiver with an open
channel, a shank pivotally, hingedly, or otherwise connected
1o the recever, o longitedinal connecting member having a
coil-like outer portion and an inner eylindrical core, a first
lower compression structure disposed between the shank and
the connecting member and a second upper compression
structure disposed betwoen the connecting member and a
chosuire, the first and second compression members engagrng
the coil-like outer porion withou engaging the inner ¢ylin-
drical core. A fusther or alternative object of the invention is
to provide adjustable insents for such longitudinal connecting
members for placement within a bone screw receiver or ather
bone attachmem member, providing for adegquate gripping
and clamping of the longitudinal sssembly a5 well as directly
resisting clamping pressure, thus protecting the longitudinal
member from deformation dwe 1o clamping forces. Another
obpeet of the invention is o provide a more rgid or solid
conmecting member surface, if desired, such as a solid rod
porion integral or otherwise fixed to the inner core for bone
serew attachment o such solid surface, Additionally, it is an
object of the invention o provide a lightweight, reduced
volume, low profile sssembly including o beast two bone
screws and a longitudinal connecting member therebetween.
Furthermaore, 11 1s an object of the invention o provide appa-
ridus and mwethods that are ey 16 use and cpecially adapled
for the intended use thereol and wherein the apparmus are
comparatively inexpensive to make and suitable for use,
[0015] Orther objects and advantages of this invention will
become apparent from the following description taken in
conjunction with the secompanying drowings wherein ane set
forth, by way of illustration and example, cerain embodi-
ments of this imvention.

[0016]  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

[0017] FIG. 1 is an expledod and partial front elevational
view of a dynamic fixation connecting member assembly
according to the invention icluding o coil=like member and o
cylindrical core.

[0018] FIG. 2 is an exploded and partial cross-sectiom]
view taken along the line 2-2 of FIG. 1.

[0019] FIG. 3 is a cross-sectional view of the coil-like
member, wken alomg the line 3-3 of FIG, 1.

[D020]  FIG. 4 15 o cross-sectional view of the cylindncal
core, taken along the line 4-4 of FIG. 1.

[0021] FIG. 5 s a partial and exploded perspective view of
a dynamie fixatwon bone serew assembly acconding to the
invention incleding a bone screw shank, a receiver, aretaining
structure, a fisst lower compression member, the dynamic
fixation connecting member assembly of FIG. 1, a second
upper compression member and 5 closure member.

[0022] FlGE & is an enlarged perspective view of an
assembled dynamic focation assembly of FIG. S with portions
broken away (o show detail thereof,
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[0023] FIG. 7 s an enlarged and partial eross-sectional
wview taken along the line 7-7 of FIG, 6 of the receiver, the first
and second compression members, the dynamic fixation con-
necting member assembly and the closure member, also
showen with the shank inside elevation implinted in s veriebra
and disposed at an angle with respect 1o the receiver.

[0024] FIG. 8 is an enlarged and partial cross-sectional
view, similar 1o FIG. 7, shown without the closure member
and showing the dynumic fixation connecling member
assembly and the second upper compression  member
removed amd furtler showing o different sized conmecting
member and cooperating upper compression member for
inserion in the receiver.

[0025] FIKG. 9 is an enlarged and partial eross-sectional
view, similar to FIGS, 7 and 8, showing the differemt sized
connecting member and cooperaling UpperT COMPression
member fully inserted in the receiver with the same closure
top as illustrated in FIG. 7.

[0026] FIG. 10 is an exploded and partial front elevational
view of a second embodiment of a dvnamic fixation connect-
ing member assembly acconding to the invention including a
coil-like outer member and an inmer threaded core.

[0027]  FIG. 11 is an exploded and pariial cross-sectional
view taken abong the line 11-11 of FIG. 10,

[002%] FIiG. 12 is a partial front clevational view of the
dynamic fixationconnecting member of FIG. 10, showing the
threaded core fully inserted in the coil-like member.

[0029] FIG. 13 is an enlarged and partial cross-sectional
view taken along the line 13-13 of FIG. 12,

[0030]  FIG. 1415 a panial and exploded perspective view of
the dynamic fixation assembly according o the invention
illustrated in FIGr. 5 replacing the connecting member assem-
bly of FIGS. 1-4 with the connecting member assembly of
FICGS. 10-13.

[0031] FHKi, 15 is an enlarged perspective view of an
assembled dynamic fixation assembly of FIG. 14 with por-
tions broken away 10 show detail thereof.

[0032] FIi, 16 is an enlarged and partial eross-sectional
view taken along the line 16-16 of FIG. 15 and along the line
16-16 of FIG. 12, but shown with the shank in side elevation
implanted in o verebra and disposed at an angle with respect
1o the receiver.

[0023] FIG. 17 is an enlanged and partial eross-sectional
wiew, similar to FIG, 16, showing a second bone screw assem-
bly attached to the dynamic fixation assembly of FIGr. 1 near
an end thereof, along the line 17-17 of FIG. 12, and with a
further portion broken away to show detail thereof.

[0034] FIG. 18 is an exploded front elevational view of o
third embodiment of a dynamic fixation connecting member
assembly scoording 1o the invention including an outer coil-
like member aml an inner threaded core.

[0035]  FEG. 19 15 an enlarged front elevational view of the
dynamic fixation connecting member of FIG. 18, showing the
threaded core fully inserted in the coil-like member.

[0036] FIG, 20 is an enlarged cross-sectional view taken
alomg the line 20-20 of F1G. 19,

[0037] FIG, 21 is an enlanged and partial cross-sectional
view of a portion of the assembly shown in FIG. 20,

[0038] FIG, 22 iz an enlarged, partial and exploded pee-
spective view of a second, altemative dynamic fixation bone
screw assembly according to the invention including a bone
screw shank, a receiver, a retaining structure, a first kower
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compression member. the dvnanue fxation connecling mem-
ber assembly of FIG. 10, a second upper compression mem-
ber and a closune member.

[0039]  FIG. 23 is an enlarged front elevational view of the
closure member of FICG. 22,

[D040]  FIG. 24 s a cross-sectional view taken along the line
24-24 of F1G. 23.

[0041]  FlG, 25 is an enlarged top plan view of the ¢losure
member of FIG. 23.

[00423]  FIG. 26 is an enlarged perspective view of the upper
compression member of FIG, 22,

[0043] FIG. 27 is an enlarged ront elevaiional view of ihe
upper compression member of FIG. 26.

[0044]  FIG. 28 is an enlarged side clevational view of the
upper compression member of FIG. 26.

[0045] FIG. 29 55 an enlarged and partial cross-sectional
view of the closure member, similar 1o FIG. 24 and further
showing the upper compression menber in front elevation
prior o attschment to the closure member.

[0048] FIG. 30 55 an enlarged and partial cross-sectional
view of the closure member and front elevational view of the
upper compression member, similar to FIG. 29, showing the
upper compression member attached to the closure member
and free 1o rotate with respect thereto.

[0047]  FIG. 31 is an enlarged and partial front elevational
view of the assembly of FIG. 22 with portions broken sway (o
show the detail thereol and further showing the upper com-
pression member and closure member partially inserted in the
receiver.

[D048] FIG. 32 is an enlarged and partial front elevational
view similar to FIG, 31 showing the upper compression mem-
ber and closure member fully seated in the receiver prior (o
removal of the closure member break-ofT head.

[0049]  FIG. 33 is an enlarged and partial front elevatioms)
view of the assembly of FIG. 22 with portions broken away to
show the detail thereof, and further showing the closune mem-
ber break-off head removed.

[00=0]  FIG. 34 is an enlarged and partial front elevational
view, similar to FI1G. 32, with portions broken away 1o show
the detail thereol and further showing the longitudingl con-
necting member assembly and upper compression structure
of FIG. 32 being repliced by a solid rod and o replacement
upper compression struciune,

[0051]  FIG. 35 is an exploded and partinl front elevational
view of a fourih embodiment of a dynamie fixation connect-
ing member assembly according to the invention including a
coil-like member, a cylindrical core with fixed infegral and
adjustable supports having helically wound projections.
[0052]  FIGi, 36 is a partial cross-sectional view taken along
the line 36-36 of FIG. 35.

[B053])  FIG. 37 is a partial and exploded perspective view of
o third embodiment of a dynamic fixation bone screw assem-
bly according to the invention including a bone screw shank,
a receiver, a retaining structure, the dynamic fixation connect-
ing member assembly of FIG. 35, and a closure member.
[D054]  FIG. 38 15 an enlarged perspective view of an adjust-
able support of FIG. 35,

[0055]  FlG. 39 is a perspective view showing three bone
screw assemblies according to FIG. 37 with the dynamic
fixation connecting member assembly of FIG. 35 and includ-
ing two adjustable supponts of FIG. 38, with a portion
exploded and portions broken oway to show detul thereoll
[D0S6]  FIG. 40 is an exploded and partial front elevational
view of a fifth embodiment of a dynamic fixation connecting
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member assembly sccording 1o the ivention imcluding an
ayter coil-like member, an inner cylindrical core and a solid
rod integral 1o the cylindrical core.

[0057]  FIG. 41 is an exploded and partial cross-sectional
view taken along the line 41-41 of FIG. 40,

[0058]  FIG. 42 is a cross-sectional view of the inner col-
like membser, taken along the line 42-42 of FIG. 40,

[0059]  FIG. 43 is an exploded and panial front elevational
view of a sixth embodiment of a dvnamic fiocation connecting
member assembly according to the invention including an
outer coil-hke member a threaded inmer evlindrical core and
a solid rod integral with ihe thresded core.

[0060]  FIG. 44 is an exploded and partial front elevational
view of a seventh embodiment of a dynamic fixation connect-
ing member assembly according to the invention including an
outer ¢oil-hike member, an inner cylindncal core, ol least one
thresdied insert and o solid rod ntegral with the ¢vlindrical

COFC.

DETAILED DESCRIPTION OF THE INVENTION

[0061]  As required, detailed embodimendts of the present
imvention are disclosed herein; however, it is 1o 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 1o be imerpreted as limiting, bul merely as a
hasis for the claims and a2 3 representative basis for teaching
one skilbed in the an to variowsly employ the present invention
in virually any appropriately detailed strocture.

[0062]  With reference to FIGS. 1-7, the reference numeral
1 generally designates a non-fusion dvnomic stabilization
longitudinal connecting member azssembly sccording o the
present invention. The connecting member assembly 1
includes an cuter, cannulmed coil-like connecting member 4
and a solid cylindrical core or insert 8. receivable in the
coil-like member 4 and fixed thereto at only one end of the
inert 8 az will be described more fully below, The dynamic
connecting memberassembly 1 cooperates with at least a pair
of fixed or polyaxial bone screw assemblies acconding to the
invention, one of such sssemblies, generally 10, being shown
in the dravwings. With reference 1o FIGS, 5-7, the assembly 10
iclisdes o shank 14 that further includes a body 16 inegral
with an upwardly extending, substantially cylindrical upper
end or capture structure 18; a receiver or head 20: 8 retaining
and articulating structure 22: a first lower compression strug-
ture 24 and a second upper compression siructure 26, The
shank 14, the receiver 20, the retaining and articulating strug-
ture 22 and the first compression structure 24 are preferably
assembled prior to implantation of the shank body 16 into a
vertebra 28. 1t is noted that any reference to the words top,
botrom, up and down. and the like, in this application refers 1o
e alignment shown in the varkous drowings, os well o (he
noemal connotations applied to such devices, and is not
intended to restrict positioning of the assemblics 1 and 10 in
actual use.

[0063] FIGS. 5-T further show a closure strscture, gener-
ally 30, of the invention for capturing the longiudinal con-
necting member assembly 1 within the receiver 20. Upon
nstallation, which will be deseribed in grester detal below,
e closure structure M) presses against the second compres-
s structure 26 that in tum presies against the ower coil-like
member 4 that in turn presses against the compression struc-
ture 24. The compression structure 24 in turn presses against
the retaining and articulating structure 22 that is threadably
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mated or n other wavs connected 1o the capture structure 18,
As will be discussed in greater detail below, the compression
siruciure 26 al=o presses against the compression struciure 24
and the compression structures 24 and 26 bias the retsining
and articulating structure 22 into fixed frictional contact with
the receiver 20, so as to substantially attach and orient the
longitudinal conneeting member assembly 1 relative 1o the
veriebra 28 and vet allow for relative movement of the outer
conl-like member 4 with respect to the 1nser cvhndrical core 8,
prowviding relief (e.g., shock absorption) and protected move-
ment with respect o lexion, extension, distraction and com-
pressive forces placed on the assembly 1 and two or more
connected assemblies 10. The coil-like member 4 is also able
1o twist o turn with respect to the cvlindrical core B, provid-
ing reliel for torsional stresses. However, the solid inner core
8 does not participate in or provide any means for torsional
elusticity or axial compression and distraction along a kength
of the outer coil 4.

[0064] Furthermore, the receiver 20, the shank 14, the
retaiming and amiculating strscture 22 and the compression
structires 24 and 26 cooperate in such a manner that the
receiver 20 and the shank 14 can be secured at any of a
plurality of angles, articulations or rotational alignments rela-
tive to one another and within a selected mnge of angles both
from side 1o side and from front 1o rear, o enabbe fexible or
anticulated engagement of the receiver 20 with the shank 14
until both are locked or fixed relative 1o each other. Alterna-
tively, it is foreseen that the connecting assembly 1 could
invelve the use of o vpper compression member in &n open
receiver that is integral or foced in position with respect 1o a
bone screw shank or bone hook. or that the receiver could
have limited angular movement with respect to the shank,
such as o hinged connection.

[0065]  The lengidinal connecting member assembly 1,
best illustrated in FIGS, 1-4 is elongate, with the outer coil-
like member 4 being made from metal or metal alloys or other
suitable materials, including plastic polymers, PEEK and
UHMWE, and the inner cylindrical core 8 also made from
plastics, such as polyurethanes, or metals, preferably from a
metal or meial alloy thai is coated or covered wiih a thin, hard
slick material applied to it or chemically treated on it. Spe-
cifically, the core 8 includes a solid elongate, smooth-sur-
faced cylinder 40 having a central axis A. [t may o1 times
inelude & stop or nm 42 integral or (xedly attached 10 the
cylincer 40 a1 an end 43 thereal, The stop 42 is substantially
coaxial with the cylinder 40. In the embodiment shown, the
stop 42 includes a flm abutment surface 44 and an outer
cylindrical surface 46. A snap-on attachment nob or nub 48
prodrudes in @ radial direction from a lower portion 49 of the
elongate evlinder 40 suwd newar the end 43 thereol. Near an
opposite end 50 thereof, the cylinder 40 does not nclude
structure for fixed attachment 1o the coil-like member 4. The
cylinder 40 has a substantially uniform owter mdins that is
slightly smaller than an inner mdivs of an internal substan-
tially eylindrical surface 54 of the coil-like member 4, pro-
viding a slight gap 51 about the cylinder 40 (FIG. T), substan-
tially annular in cross-section, located between the cylinder
40 and the surfoce 54 when the cvlinder 40 is inserted into and
fully necerved by the coil-like member 4. The gap 51 that
spans along a substantial length of the cyvlinder 40 from the
lower poetion 49 o the end 50 allows for sliding, axial (back
and forth ) movement of the coal-like member 4 with respect (o
the cylinder 40, along the axis A as well as twisting or tor-
sionmal movement by the member 4.
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[0066] The corl-like member 4 15 also substantially evlin-
drical with an external substantially cylindrical surface 52
and ihe imermal substaniially cylindrical and smooth surface
54 previously identified herein. The surface 54 defines a bore
56 with a circular cross section, the bore 56 extending com-
phetely or substantially through the coil-like member 4. The
member 4 has a subsiantially flat and annolar end surface 58
and a substantially flal and annular opposite end surface 59.
The member 4 further includes a helical slin 60 that extends
therethrough from the extemal surface 52 1o the intemnal
surfsce 54 and beginning ot a bocation 62 mear the end surface
58 and winding along an entire or substantial length of the
coil-like member 4. The slit 60 illustrated in FIG. 1 muns
threugh the end surface 59 (shown in phantom ). Altematively.
it is foreseen that the slit 80 may end at or near the end surface
59 Ii is also foreseen thai the slit 60 may exiend through the
end surface 58 A circular, U-shaped surface 66 defines a
recess 68 ol the internal surface 54 and located between the
end surfoce 58 and the location 62 marking the beginning of
the helical slit 60, The recess 68 is substantially annular and
i5 sired and shaped w0 receive the nob 48 at any location
thercalong when the inner core 8 is meecived in the outer
coil-like member 4 with the surface 58 abuting the surface
44, The cooperation between the nob 48 and the recess 68
providesa “snap™ fit betwoeen the core 8 and the owter coil-like
member 4, fixing the core 8 to the member 4 5 the respective
emds 43 and 58.

[006T]  Thecoil-like member intemal oy lindricol surfoce 54
is of a slightly greater dimmeter than an outer diameter of the
cvlhimder 40, allowing for axially directed sliding movement
of the coil-like member 4 with respect o the solid ey linder 40.
It 15 foreseen that the lower portion 49 of the cylinder 40 may
have a diamecter slightly greater than the diameter of a remain-
der of the solid eylinder 40, providing for frictional engage-
mrenl between the lower portion 49 and the intermal surfisee 54
of the coil-like member 4, giving some additional attachment
and reinforcement of the snap fit between the member 4 and
e eovre B near or at the nob 48. When the cylindrical core 8 is
inserted in the coil-like member 4 and the nob 48 engages the
recess 68, the core 8 extends completely or substantially
through the bore 56 along the mis A and along o substantial
lengih of the coil-like member 4 to near the end surface 59,
with the end surfisce 50 being near or adjacent the end surface
£9. The coil-like member 4 i5 not fixed 1o the solid core & ator
near the end surfaces 50 and 59, Furnbermore, as will be
described more fully below, the bone screw assembly 10 is
sized amd shaped 1o frictonally engage the coil-like member
4 without crushing or oiherwise frciionally engaging or fix-
ing the coil-like member 4 against the core & within any
cooperaling bone screw assembly 10, thus allowing for rela-
tivie movement between the coil-like member 4 and the solid
core B aloag o substantial length of the assembly 1.

[0068] It is noted that the core 8 may be sired ond msde
from such matenials as o provide for a relatively more ngid
assembly 1 or a relatively more flexible assembly 1 with
respect to flex or bendability along the assembly 1. Such
flexibility therefore may be vaned by changing the ouler
diameter of the ¢ore B and thus likewise changing the dizmet-
g sire ol he coil-like member 4, Also, it is noted that langer
assemblies 1 may need o be stiffer and thus langer in dismeter
ihan shorter assemblies 1. In addition, since the distance
between the bone screw assembly receivers or hemsds can vary,
e coal-case assembly may need 1o be more or less stfl,
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[0069] 1t is foreseen that n order 1o keep scar tissue from
growing into the coil-like member 4 through the helical sl
60, an inmer or outer sleeve or sheath-like structure may be
placed, adhered or otherwise applied to either the external
surfaee 52 or the internal surfzice 54 of the coil-like member
4. Such a sheath-like structure would be of a sive and shape
such that axial movement of the coil-like member 4 i not
hindered and thus any relative movement between the coil-
like member 4 and the cylindrical core 8 is not hindered or
prevented.

[00T0]  The shank 14 of the bone screw assembly 10, best
illustrated in FIGS. 5-7, is elongate, with the shank body 16
having a helically wound, radially outwardly extending bone
implantable thread 122 axially extending from near atip 124
of the body 16 10 near a slanted or sloped surface 126 that 1=
adjacent 1o a smooth cylindrical surface 128 located adjacemt
to the capture structure 18. The kmerally projecting cylindsi-
cal surface 118 includes a butiress stop feature for frictional
engagemen with and plicement of the retasining and articu-
lating structure 22, During use, the body 16 wiilizing the
thread 122 for gripping and advancement is implamed into
the vertebra 28 lending with the tip 124 and driven down into
the vertebra 28 with an installation or driving tool so as to be
implanted in the vertebra 28 10 near the sloped surfsce 126
[0071] To provide a biologically active interfoce with the
bone, an ouier surface 12% ofthe shank body 16 that includes
the thread 121 and extends between the surface 126 and the
iip 124 is coated, perforsied, made porous or ciherwise
tremtesd 130, The trestment 130 may include, but is nog limited
10 plasing spray coating oF oller type of coating of a metal
or, for example, a ¢calcium phosphate; or o roughening, per-
foration of indentation in the surface 129, such as by sputter-
ing. sand blasting or acid ctching, that allows for bony
ingrowth orongrowth. Certain metal coatings act as a scaffold
for bone ingrowth. Bio-ceramic caleium phosphate coatings
ineluche, bast are oot hmited o alpha-tri-caleivm phosphote
and beta-tri-calcium phosphate (Cay (PO, ), tetra-calcium
phosphate (Ca,P0.), amorphous caleium phosphate and
h}dm:}ra[mhln (C a“,l:P{}‘}b[l[ ¥}, ). Coating with h}ldrmn.'a-
patite, for example, 15 desirable as hydroxyapatite is chemi-
cally similar 1o bone with respeet 10 mineral content and has
been wentified as being bivactive and thus not only suppon-
ive of bone ingrowth. but actively taking pari in bone bonding.
[0072] The sloped surface 126 extends radially outward
and axially upward from the shank body 16 1o the cylindrical
projection 128, Further extending axially from the projection
128 is the capiure struciure 18 that provides a connective or
capture apparatus disposed at a distance from the threaded
shank body 16 and thus a1 a distance from the vertebra 28
when the body 16 is implanted in the vertebra 28,

[0073]  The capture structure 18 is configured for connect-
ing the shank 14 to the receiver 20 and capturing the shank 14
in the receiver 200 The capture structure 18 has an outer
substantially cvlindrical surfoce 134 having a helically
wound guide and advancement structure thereon which in the
illustrated embodiment is a Veshaped thread 136 extending
from adjacent the cylindrical surface 128 to adjacent an annu-
lar top or upper surface 138, The upper surfuce 138 is dis-
posed substantially perpendicular (o an axis of rotation B of
the shank 14, A diameter of the cylindrical surfce 134 mea-
sured between roots of the thread 136 is smaller than a diam-
eterof the projected cvlindrical surface 128. A diameter mea-
sured between crests of the thresd 136 s illustrsted equal to
and may ke smaller than the diameter of the oylindrical sur-

Dec. 9, 2010

firce 128, Although o simple thread 136 is shown in the draw-
ings. it is foreseen that other struciures including other 1ypes
of threads, such as buttress, square and reverse angle threads,
and non threads, such as helically wound fanges with inter-
locking surfaces, may be alteratively used in place of the
thiresd 136 in altemative embodiments of the present inven-
lion.

[0074] A hex-shaped driving formation 144 extends (rom
the upper surface 138 into the capture structure 18, The driv-
ing formation 144 is sized and shaped to cooperate with a
hex=drver for motating and drving the shank body 16 into
bone. It is foreseen that other diving features or apenures.
such as slotted, tri=wing, hexalobular (such o the 6=point star
shaped pattern sold under the trademark TORX), spanner, or
thee like muay also be wtilized according to the invention.
[0075]  In the illustrated embodiment, the shank 14 is can-
nulated with a small central bore 149 extending an entine
length of the shank along axis B. The bore 149 is coaxial with
thve thrended body 16 and the caplure strscture outer surface
13, providing a passage through ihe shank interior for a
length of wine or pin inserted into the verichra 28 prior 1o the
inseriion of the shank body 16, the wire or pin providing a
guide for insertion of the shank body 16 into the vertebra 28.
[0076)  Also with reference 1o FIGS. 5-7, the receiver 20
inrcludes abase 150 imegral with a pairof opposed upstanding
arms 152 thai extend from ihe base 150 to a top surface 154.
The arms 152 form a U-shaped cradle and defise a U-shaped
channel 156 beiween the arms 152 and include an upper
opening 157 and o lower semt 158 having substantially the
saaie Fadiss as 1he outer coil-like member 4 of the bongitudi-
nal connecting member assembly 1 for operably snugly
receving e member assembly 1.

[0077] Ewach of the amms 152 las an imerior surfice that
defines an inner cylindrical profile and includes a partial
helically wound guide and advancement structure 162. In the
illustrated embodiment, the guide and advancement struciure
162 is a partial helically wound fangeform configured 10
mate under rotation with 2 similar structure on the closure
member 30, as described more fully below. However, it is
foreseen that the goide and advancement structure 162 could
altematively be a bultress thread, a square thread, a reverse
anghe thresd or other thread like or non-thresd like helically
woand advancement structures for operably guiding under
rodation and advancing the closure 30 downward between the
arms 152 and having such a nature as 1o resist splaying of the
arms 152 when the closure 30 15 advanced into the U-shaped
channel 156.

[0078] Eschof the arms 152 includes a Veshaped or under-
cul ool engagement groove 164 formed on a substantially
plamar outer surface 166 thereof which may be used for hokd-
ing the receiver 20 with a holding tool (not shown) having
projections that are received within the grooves 164 during
implantation of the shank body 16 inio the vertebra 28, The
grooves 16d may also cooperate with a holding wol dunng
bone screw assembly and during subsequent installation of
the connecting member 1 and closure 30. 1t is foreseen that
too] receiving grooves of apertures may be configured in a
wvarkely of shapes and sizes and be disposed at other locations
on the arms 152,

[0079]  Communicating with the U-shaped channel 156 and
lecated within the base 150 of the receiver 20 is a chamber or
cavity 178 partially defined by an inner cvlindrical surface
180 and a substantially spherical seating surface 182, the
cavity 178 opening upwardly into the U-shaped channel 156.
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The base 150 further inclides a restrictive neck 183 sijacent
the seating surface 182, The neck 183 defines an opening or
hore communicating with the cavity 178 and a lower exterior
186 of the base 150, The neck 183 is conically counterbored
or beveled 1o widen the angular range of the shank 14, The
neck 183 15 sived amd shaped 1o be smaller than a radial
dimension of 3 fixed or fully expanded retaining and articu-
lating structure 22 3045 to form a restriction at the location of
the neck 183 relative to the retaining and articulating structure
22 1o prevent the structure 22 from passing from the cavity
178 and oat imto the lower exterior 186 of the receiver 20
when the retaining and articulating structure 22 is seated on
the scating surface 182. It is foresecn that the retaining and
articulating structure could be compressible (such as where
such structure has a missing scction) and could be loaded
throwigh the neck 183 and then allowed 10 expand and fully
seal in the spherical seating surface 182, Othier bottom lomd-
ing capture structures could be wilized.

[0080] The retaining and articulating structure 22 has an
operational central axis that is the same as the clongme axis B
associated with the shank 14, The retaining and ariculating
stricture 22 has a central bore 190 that passes entirely through
the structure 22 from a top surface 192 toa bottom surface 194
thereofl. An inmer cylindrical surface 196 defines a substantial
portion of the bore 190, the surface 196 having a helically
woted guiche and advimcement structure thereon as shown by
a v-shaped belical rib ar thresd 198 extending from sdjacent
the top surface 192 to near the bottom surface 194, Although
asimple helical rib 198 is shown in the drawings, it is forescen
that ather helical structures including oiher 1vpes of threads,
such as buttress and reverse angle threads, and non threads,
such as helically wound flanges with imerlocking surfaces,
may be aliernatively used in an altermative embodiment of ihe
present invention. The inner cylindrical surface 196 with the
thread 198 ane configured 10 mate under rotation with the
capture structure outer surface 134 and helical guide and
advancement strciure or thread 136,

[0081] The illustrated retaining and articulating stiructure
21 has a radially outer partially spherically shaped surface
204 sized and shaped to mate with the partial spherically
shaped seating surfoce 182 of the receiver and having a rdius
approximstely equal o the medios sssociated with the surface
182. The retaining and articulating structure radius is larger
than the radius of the neck 183 of the receiver 20. Although
nol required, it 1s foreseen that the outer partially sphencally
shaped surfoce 204 mav be a high fnction surface such as a
knurled surface or the like.

[0082] 1t is also foreseen that the retaining and aniculating
structure outer surface may be elliptical or ellipsoid in shape
rotber thin spheroid in shape. Such an elliptical surface would
be sized and shaped to contact and seat within a substamially
spherical seating surface, such as the seming surface 182,
Such an ellipsoid structure may be attachable to the shank
upper portion by threads. a pin, compression, or the like as
previously deseribed with respect 1o the substamtially spheri-
cal retaining and ariculating structure 22, Furthermeore, il 15
foreseen that an ellipsoid retaining stracture may be integral
with the bone serew shank and may include threads that allow
the ellipsoid to be threadably received into a base of a bone
serew receiver. Again. it is foreseen that ctler types of retain-
ing structure, articulating and not, could be used 10 keep the
upper end of the shank contained within ihe receiver.

[0083] The illustrated retsining and ariculating structure
top surface 192 extends from the central bore 190 1o the outer
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surfsce 204. The top surface 192 is disposed perpendicular 1o
an axis of rotation of the structune 22, The bottom surlace 294
also is disposed perpendicular 1o the structure 22 axis of
rodation.

[0084] The kvwercompression structure 24 includes o body
210 of substantially circular cross-section integral with a pair
of upstanding arms 212, The body 210 and arms 212 form a
generally U-shaped, open, through-channel 214 having a par-
tially U-shaped bottom seating surface 216 having a radius
substantially conforming to an outer radius of the coil-like
member 4 and thus configured w operably snugly engope the
coil member 4 a1 the outer surface 52 thereof. The arms 212
disposed on either side of the channel 214 cach include o top
surface 218 that is parallel to an annular bottom surface 220.
The compression structure 24 includes a substantially cyvlin-
drical outer surface 222 and an inner cylindrical wall 224
defining a central theough-bore extending along a central axis
of the compression structure 24, The top surfoce 218 and the
botiom surface 220 are subsiantially parallel. Extending
between the inner cvlindrical wall 224 and the bottom sarface
220 15 a curved or spherical surface 226 sived and shaped 1o
frictionally engage and mate with the cuter spherical surface
204 of the retaining and articulating structure 22, The cylin-
drical surface 222 has a diameter slightly smaller than a
diameter between crests of the guide and advancement struc-
ture 162 allowing for top loading of the compression structure
24 The cylindrical surface 222 diameter and a height of the
compression strscture 24 mensured from the top surfoce 218
10 the bottom surface 220are siped such that the compression
structure 24 s received within the cvlindnical surface 180 of
ihe receiver 200 below the guide and advancement structure
162, but the botiom surface 220 is spaced from a surface 227
of the recerver base 150 regardless of the angular position of
he shank 14 with respect to the receiver 20

[0085] The upper or second compression sirscture 26
includes o body 230 of substantially circular cross-section
integral with a pair of downwardly extending arms 232 The
body 230 and the arms 232 form a generally U-shaped, open,
through-channel having a substantially U-shaped seating sur-
firce: 236 having a radius substantially conforming (o the outer
radius of the coil-like member 4 and thus configured to oper-
ahbly snugly engage the coil member 4 at the extemnal surface
52 thereol opposite the first or lower compression strtine
24, The arms 232 each included a bomom surface 238 tha is
parallel 1o a planar top surface 240, The compression strc-
ture 26 includes a substantially cylindrical outer surface 242.
A pin 244 of substamtially circular cross section is disposed
centrally on the wop surfisce 240 and extemds upwardly there-
from, being sized and shaped o G within s central aperture of
the closure 30 to be discussed more fully below. The eylin-
drical surface 242 has a diameter slightly smaller than a
dinmeter between erests of the guide and advancement strue-
ture 162 allowing for top loading of the compression struciure
26. The second compression structure 26 15 sized and shaped
to abul against both the compression structure 24 and the
coil-like member 4 when pressed upon by the closure 30,
allowing for clamping of the coil-like member 4 between the
mserl 26 and the nsert 24 as well as additional compressive
foree being placed against (e compression struciure 24 that
in W presses the retaining and ariculating structuse 22
against the spherical seating surface 182 of the receiver 20,
clamping the bone screw shank 14 into a fixed angular posi-
tion with respect o the receiver 20 as illustrted in FIG. 7.
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[Dog6]  With reference to FIGS. 5-7, the closure strnscture 30
can be any of a varety of different types of closure structures
for use incomjunction with the present invention with suitable
mafing structure on the upstanding amms 152 of the receiver
20. The closure structure 30 is rotatable between the spoced
arms 152, but could be a shide<in ¢losure structure, The illus-
trated structure closure structure 30 is substantially cylinds-
cal and includes an outer helically wound guide and advance-
ment structure in the form of a flange form 250. The
illustrated guide and advancement structure 250 operably
joins with the guide and sdvancement structure 162 disposed
o the interior ol the arms 152, In the illusirvied embodiment,
the flange form 250 las a protrusion 251 that projects rear-
wardly from a trailing surface thereof that effectively locks
the closure structure 30 to the structure 162 within which it is
sel s0 a8 o prevent splaving of the anms 152 upon which
mating guide and advancement structure 162 15 moumed, The
guide and advancement structure 250 utilized in accordance
with the present invention may take other forms, including
those deseribed in Applicant™s U.S. Pat. Mo. 6,726,689, which
15 incorported herein by reference. It 1= also foreseen that
sccording 1o the invention the guide and sivomcement stroc-
tre 250 could alternatively be a buttress thread, a square
thread, a reverse angle thread or other thread like or non-
thread like helically wound advancement structure for oper-
ably guiding under rotation and advancing the closure stnac-
ture 30 downward berween the arms 152 and having such a
natuere as 1o resist splaving of the arms 152 when the closure
structure 3 is advanced into the U-shaped channel 156,
[0087]  The closure structure 30 includes a lower surface
256 having a ceniral recess 258 formed thercon. The recess
258 is substantially eylindrical having a central axis opera-
tionally coaxial with the receiver 20 and the second compres-
sion structure 26. The lower surface 256 is planar. The central
recess 258 is sized and shaped 1o receive the pin 244 of the
compression structure 26, with the lower surface 256 friction-
ally engaging the top planar surface 240 of the compression
structure 26 when fully mated therewith, as illustrated in FIG.
1

[DOEE] The closure structure 30 has a top surface 260 with
an intermal dave in the form of an aperture 262, illustrated as
o star-shaped internal drive, for example, sold under the trade-
mark TORX. A driving tool (not shown ) sired and shaped for
engagement with the internal drive 262 is used for both rotat-
able engagement and, if needed. disengagement of the clo-
sure 30 from the arms 152, Although a star-shaped internal
drive 258 is shown in the drawings, the ol engagement
structure miy take a vanety of tool-cogaging forms and may
include but is pot limited 1o a hex shape or more than one
aperture of various shapes. It is also foreseen that the closure
structure 3 may altemnatively include a break-ofl head
designed o allow such a hesd 1o break from a base of the
clostire @ a presebected wonque, for example, 70 10 140 inch
poundds, Such a closure structure would also include a base
having an internal drve to be used for closure removal.
[0089] During installation, the lower surface 256 engages
the upper compression structure 26 that in turn engages ihe
outer coil-like member 4 of the connecting assembly 1. The
closure structure 30 is rotated, using a ool engaged with the
inmer drive 262 until a selected pressure 15 reached w which
peotiat the longitedinal connecting assembly 1 is urged toward,
bt not completely o1 lower seat 158 ofthe channe] 156. In
turm, the coil-like member 4 braces against the lower com-
pression structure 24, The pressure placed on the outer sur-
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firce of the coil-like menber 4 by the closure structure 30 15
suffickent to clamp the member 4 between the upper and kower
cotpression structures 24 and 26, but not enough to crush or
press the coil-like member 4 into fixed engagement with the
cyvlinder 40 of the core B because of the engagement of the
lower surfuces 238 of the compression structure 26 with the
top surfaces 218 of the compression structure 24, Engage-
meent between the surfaces 238 and 218 allow for additional
torquing of the closure structure 30 to fix the bone screw
shank 14 between the compression structure 24 and the
receiver seming surfoce 182, without crushing the coil-like
member 4 againsi the core 8. For example, about 3010 about
B0 inch pounds of pressure are required for fixing the con-
necting assembly 1 in place without crushing the coil-like
member 4 against the core 8. However, about 80 to aboart 120
irch pounds pressure may be required for Gxing the bone
serew shank 14 with respest 10 the receiver 20, The coopera-
tion between the compression members 24 and 26 at the
surfeces 218 and 238, respectively, and the cradling of the
assembly 1 between the compression members 24 and 26 due
1o exlindrical inner surfisces thereof, allow for a total torguing
of 80 1o 120 inch pounds, with only 50 1o 80 inch pounds of
that foree being placed on the coil-like member 4.

[0920]  Pros ta the polyvaxial bone screw assembly 10 being
implanted in the vertebra 28, the retaining and articulating
structure 22 is typically first inserted or top-loaded, into the
receiver U-shaped channel 156, and then into the cavity 178
1o dispose the structure 22 adjacent the inner seating surface
182 of the recemver 20, The shank capture structure 18 s
preloaded, inserted or bottom-loaded into the receiver 20 at
thee meck bore 183, The retaining and articulating struciune 22,
now disposed in the receiver 20 is coaxially aligned with the
shank capture structure 18 so that the helical v-shaped thread
136 rotatingly mates with the thread 198 of the retaining and
articulming siructure 23, The shank 14 andior the retaining
and aniculating structure 22 are rotated o fully mate the
struciures 136 and 198, fixing the capture streciure 18 1o the
retaining and articulating structure 22. At this time the shank
1415 in slidable and rotatable engagement with respect to the
recever 20, while the retaining and ariculating structure 22
and the lower aperture or neck 18 of the recerver 20 coop-
crate to maintain the shank body 16 in rotational relation with
the receiver 20. The shank body 16 can be rotated through a
substantial angular rotation relative 1o the receiver 20, both
from side 1o side and from front o rear so as W substantially
provide a wniversal or ball joint wherein the angle of ration
iz only restricted by engagement of the sloped surface 126 of
the shank body 16 with the neck 183 of the receiver 20,
[0091]  In the embodiment shown, the compression strue-
ture 24 is then loaded intoe the neceiver 20 with the LU-shaped
seating surface 216 aligned with the receiver 20 U-shaped
channel 156. The compression structure 24 is initially top or
down-loaded into the receiver 20 until the anms 212 are dis-
posed adjacent 1o the surfoce 180 amd the botom spherical
surface 226 is in contact with the surface 204 of the retaining
and articulating structure 22, To ready the assembly 10 for
implantation mnto bone, the shank 14, the recetver 20 and the
compression structure 24 central axes are aligned along axis
B, providing access (o the hex-shaped formation 144 on the
shank capiure structure 18 through the central bore formed by
the inner oy lindrical wall 224 of the compression structure 24.
[0092] The assembly 10 is then typically screwed into a
bone, such a5 the verichra 28, by rotation of the shunk 14
using a driving tool (not shown) with an Allen type driving
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formation that operably dnves and rotates the shank 14 by
engagement thereal with the shank at the driving formation
144. It is foreseen that in other embodiments according to the
invention, the hex-shaped driving formation 144 may be
replaced by other types of oot pint type ool engaging for-
mations or recesses. Through the driving formation aperture,
the retxining struciure and the shank may also be crimped
together 50 a5 1o pot come apart with rotation.

[0093] At least two and up to a plumlity of bone screw
assemblies 10 are implanted into vertehrae for use with the
longitudinal connecting member assembly 1. Each vertebea
28 may be pre-drilled o minimize stressing the bone. Fur-
thermwore, when a cannulated bone screw shank is utilized,
ench vertebra will have a guide wire or pin (not shown)
inserted therein that is shaped for the bone screw cannula 149
of the bome screw shank and provides a guide for the place-
ment and angle of the shank 14 with respect to the vertebra 28,
A further tap hole may be made and the shank body 16 is then
driven into the vertebra 28, by rotation of the daving tool (mo
shown). It is foreseen that the screws and the longitudinal
connecting member can be inserted in a percutancous or
minimally imvasive surgical manner.

[0094]  With particular reference to FIGS. 1-4, the longitu-
dinal connecting member assembly 1 is assembled by insen-
ing the cviinder 40 of the core B into the bore 56 defined by the
inner evlindrical surface 54 of the coil-like member 4. The
end 50 of the core § is placed into the open end 58 of the
coil-like member 4 and the member 4 is moved toward the
stop or rim 42 wntil the nub 48 snops into the reoess 68, with
the end 58 preferably in fnctional contact with the fat abut-
ment surface 44.

[0095]  The connecting member assembly 1 1= evenmally
positioned in an open or perculaneous manner within the
U-shaped chanmels 156 of two or mone boae serew assemblies
10. The assembly 1 can be straight, pre-bent or curvilinear,
The second or upper compression structure 24 is then placed
in each assembly 10 with the U-shaped seating surface 236
facing the coil-like member 4. The closure structure 31 is then
inserted into amd advanced between the anms 152, As the
chosure structure 30 &5 rotaled between the arms 152, ihe
central recess or aperture 258 receives the pin 244 of 1he
compression member 26, ccnlcring_ the member 26 with
respect to the receiver 20 and the connecting member assem-
bly 1. Continued rotation of the ¢losure strmctire 30 results in
engagemen between the surfoces 240 mnd 256, uniformly
pressing the compression member 26 against the coil-like
member 4 at the seating surface 236 of the compression
member 26 and the outer substantially cylindrical, but dis-
continuous surfece 52 of the coil-like member 4, The coil-like
member 4 in turn presses downwandly sgainst the seating
surface 216 of the lower compression structure 14, pressing
the structure 24 downwardly into engagement with the retain-
ing and articulating structure outer surfzce 204 10 set the angle
of articulation of the shank body 16 with respect 1o the
receiver 20, As previously described. the compression struc-
ture 26 also presses against the compression strsciure 24 at
the surface 218 as the closure structure is torqued 30, clamp-
ing the shank body L6 into a fixed position with respect to the
recerver 200 However, the evlindneal surlisces 216 and 236 of
the compression structures 24 and 26, respectively, cradle and
prtect the coil-like member 4 from crushing sgainst the core
#, Thus, although torquing of the closure structure 30 against
the compression structure 26 clamps the coil-like member 4
with enough force 1o keep the member 4 in a fixed position in
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e receiver 20, the upper and lower compression striciines
24 and 26 provide for the gap 51 10 exist between the cylinder
40 of the core 8 and the coil-like member 4 such that relative
movement between the ovlinder 40 and the member 4 is
possible, along substantially the entire length of the cylinder
40 with the exception of the end portion 49 that is sttached 1o
e member 4 with the snap-on pob 48 and cooperating recess
68 formed by the inner surface 66, As will be described more
fially below, in some embodiments according to the invention
it is possible to insert the closure structure pre-attached 1o the
upper compression structure with the two pans snapped
logether.

[0026] 1T removal of the assembly 1 from any of the assem-
blies 10 is necessary, or if il is desired 1o rebease the assembly
1 at a particular location, disassembly iz accomplizhed by
uging the driving tool (not shown) with a star-shaped drving
formation on the closure structure 30 imtemal drive 262 1o
rate and remove the elosure structure 39 from the receiver
20. Dizpssembly of the assembly 10 iz accomplished in
reverse onder to the procedure described previously herein for
assembly.

[0097]  The polyaxial bone screw assembly 10 according 1o
the invention advantageously allows for the removal and
replacement of the longitedinal connecting member assem-
by 1 with another longitudinal connecting member having a
different overall or outer dinmeter, utilizing the same receiver
20 and the same lower compression structure 24, For
example, as illusirmied in FIGS. 8 and 9, the fexible longin-
dinal member connecting sssembly 1 hoving an outer dinm-
eter I meay be removed aod replaced by o more rigid assembly,
such as o solid nod 280 having an outer diameter G that is
smaller than the diameter F of the outer coil-like member 4.
The roxd 28015 inserted into the recenver opening 157 followed
by a cooperafing upper compression structure 286, and then
e closure structure 30 is re-inserted and tightened within the
recerver 200 The upper compression stricture 286 15 substan-
ally similar 1o the compression structure 26 with the excep-
tion that the struciure 286 i sized and shaped 1o include a
mating surface 288 for closely cooperating with and contact-
ing an ower eylindrical surface 290 of the longitudinal con-
necting member 280. For example, inthe embodiment shown,
the surface 288 has an inner radivs of curvatune almost iden-
tical to an outer radius of curvature of the surface 290, The
compression strecture 286 further includes an upper pin 292
identical or substantially similar to the pin 244 described
previcushy with respect 1o the compression structure 26, The
pin 292 is receivable in the centrl recess 258 of the closure
structure M), ensuring that when fully assembled in the
receiver 20, the compression structure 26 is properly centered
and in full contact with the rod 280, which in turn centers the
o 280 with respect to the lower compression member 24 for
optimum contact between the rod 280 and the lower compres-
sion meiber 24. 11 is nol necessary that the lower compres-
sion member 24 be in contact with the rod 280 along the entire
surface 216 thereof for adequate capture and fixing of the
solid rod 280 with respect to the recerver 20 and the shank 14.
[0098] With reference to FIGS. 10-13, the reference
numeral 1A generally designates a second embodiment of a
non-fusion dyoanue stabilization longitudingl conmecting
member assembly scconding to the present invention, The
connecting member assembly LA inclsdes an ouler, candu-
lated coil-like connecting member 44 and a substantially
cylindrical core or insert 8A, having an outer helical thread
9A, the core being threadably receivable inthe coil-like mem-
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ber 4A and fixed thereto al only one end of the core A as will
be described more fully below, The dynamic connecting
member assembly 1A cooperates with at least a pair of
polvaxial bone scrow assemblies sccording to the invention,
one of such sssemblies, generally 10, shown in FIGS. 14-17
and previously described herein with reference 1o FIGS, 5-9,
The closure structure 30 also shown in FIGS. 14-17 and
previously described herein with respect wo FIGS. 5-7, also
cooperates with the connecting member 1A and the bone
serew assembly 1 in the manner previously deseribed herein
with respect 1o the connecting member 1. The bone screw
assembly 10 and cooperating closure 30, and in particular, ihe
compression structures 24 and 26 hias the retaining and
articulating siructure 22 into fixed frictional contact with the
receiver 20, so as o substantially attach and orient the longi-
tuidinal connecting member assembly 1A relative to the ver-
tebra 28 and ver allow for some relotive movement of the
outer coil-like member 44 with pespect 1o the inner cylindri-
cal core 8A, providing reliel (e.g., shock absorption) with
respect to flexion, extension and compressive and distractive
forees placed on the assembly LA and two or maore connected
assemblies 10, The coil-like member 44 15 also able 1o twist
or turn with respect to the cylindrical core BA, providing relief
for torsional stresses. However, the inner core 8A does mo
participate in or provide any means for torsional elasticity or
axial compression and distraction along a length of the outer
coil 44,

[0099]  The longindhinl connecting member sssembly 1A,
hest illustented in FIGS, 10-13 is elongate, with both the outer
coil-like member 44 and the inner core 8A being made from
metal, metal allovs, composites or other suitable materials,
including plastic polymers, such as whtra-high molecular
weight polyethylene (UHMWP)and/or polyetherctherketone
(PEEK). Also, inorder 10 result in adequste hardness and low
or no wear debris, the member 44 surfaces and the core 8A
surfaces may be coated with an ultra thin, ultra hard, ulira
slick and ulira smooth coming. such as may be obiained from
ion bonding technigues and/or other gas or chemical treat-
menis,

[0100] The core BA illustrated in the drawing figures is
solid, elongate cylinder, having a central axis AA. It is fore-
seen that the core BA may also be a hollow cylinder. The core
8A includes a smooth cylindrical surfece 404, The core 8A
may include a stop or rim 42A integral or fixedly attached o
the core 8A at an end 43A thereof. The stop 424 is substan-
tially coaxial with the cylinder 40A. In the embodiment
shown, the stop 424 includes a flat abutment surface 44 and
anoarler oy lindrical surfece 46,4, As will be described in more
detail below, the stop 42A may be replaced by an elongaie
connecting member, such as a solid rod, allowing for more
rigid support, and fusion, if desired, along a portion of the
spine adjacent 1o the spine portion receiving dynamic stabi-
lizstion by the connector 1A.

[0101] The belical thread 94 extends radially outeardly
from ihe surface 404 of the inner core 8A and winds about the
inmer core 8 substantially along a length thereof, The illus-
trated thread 9.A includes an end portion 47A having a thick-
ness and radially length greater than a remainder portion 484
of the thread 9A. The end portion 47A is sized and shaped 1o
have an axial length along the axis AA that cormespomds 10 a
width ol e receiver 20 that receives and clamps the assembly
LA into engagement with the assembly 10, The core 8A is
sized and shaped to attach to the coil-like member 4A ot the
cylinder end 43A, with the end portion 47A of the thresd 94
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frictionally engaging the coil-like member 4A as will be
described more fully below. Near an opposite end S04
ilrereof, the core 8A does not inclede siructure for fied
attachment to the coil-like member 4A. The cyvlindnical sur-
fece 40A has a subsiantially uniform outer radius that is
slightly smaller than an inner mdius of an intemal substan-
tially cylindrical surface S4A of the coil-like member 44,
providing a slight gap 51.A aboant the cylindrical surface 404,
annular in cross-section, located between the eylindrical sur-
firce 40A aavd the surface 544 when the inner core BA is
inserted and threaded into and fully received by the coil-like
member 4. The gap S1A that spans along the length of the
cylinder 404 from near the end stop 42A to the end S04
allows for limited sliding. axial (back and forth) movement of
e coil-like member 4.4 with respect 1o the core BA, along the
axis AA as well as some twisting or lorsional movement by
the member 4A about the core 84

[0102] The outer coil-like member 44 is also substantially
cylindrical with an external substantially cylindrical surface
52A and the imemal substantially cylindrical and smooth
surfisce 54A previously identified herein. The surface 544
delines a bore 564 with a circular cross section, Uhe bore S6.4
exiending completely or substantially through ihe coil-like
member 44, The member 4A has a substantially flat and
annular end surface 58A and a curved or bullet-nosed oppo-
site end $9A. It is noted that in some cmbodiments, the end
siirface S9A mav also be substantially flat and anmlar, The
bullet-nosed end 59A allows for ease in implanting the
assembly 1A, particularly in minimally invasive or less inva-
sive procedures, that may be percutancous in nature, The
member 44 further includes a helical slit 60A that extends
therethrough from the extenal surface S2A 1o the intemal
surfsce 54 and beginning al o location 62A al the emd
surfisce S8A and winding along an entire or substantial length
of the coil-like member 44, Tn the illustrated embodiment 1A,
il slit 60A muns to near the bullet nose end S9A. The slit 604
extends through the end surface S8A to allow for threadably
murting the thread 94 of the mner core BA with the sl 60A.
The cooperation between the thickened end portion 47A of
e thread $A and the surfaces defining the sl 60A provide a
friction or press £l between the inner core 8A and the owter
coil-like member 4A, fixing the core 8A 1o the member 44
nizar the respective ends 434 and 584, but allowing for an
axial gap or space between the remainder portion 484 of the
thiressd 94 amnd the surfisces defining the shit 80A, When the
inner core 8A is fully assembled within the coil-like member
44, an outer surface T0A of the thread portion 47A is flush
with the outer coil surfaee 52A. Thus, a bone screw assembly
10 receiving and fixing the dvnamic fixation assembly 1A
near the stop or rim 42A mctionally engages both the outer
surface 52A of the coil-like member 44 and the outer surface
T0A of the thread 9A of the inner core 8A. In the illustrated
cmbodiment, the coil-like member imernal eylindrical sur-
frce S4A 15 ofa slightly greater dimmeter than an ower diam-
eler of the cylindncal surface 40A. allowing for axially
directed sliding movement of the coil-like member 44 with
respect to the solid eylinder 40A along the thread portion
48A. It 15 foreseen that a portion of the cvlindrical surface
40A near the end 43A may hive a diameter shightly greater
than the diameter of a remainder of the cvlindrcal surface
404, providing for frctional engagement between the surface
40A and the internal surfice 544 of the coil-like member 4.4,
giving some additional attachment and reinforcement of the
friction fit between the thresd portion 47A and the member
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4A near the end 434, When the evlindrical mner core 8A 15
inserted in the coil-like member 44 and the thread portion
47A [nctionally engages the codl-like member 4A ai ihe slit
604, the core 8A extends completely or substantially through
the bore 56.A4 along the axis AA and along a subsiantial length
of the coil-like member 4. 1o near the end surface 594, with
the end surfoce S0A being mwear or adjecent the end surfsce
594, The coil-like member 4 s ol lixed 1o the solid core BA
al oF near the end surfces S0A and S9A. Also an outer surfice
T2A of the portion 48A of the thread 9A is not fush with the
outer surface 52A of the coil-like member, but rather insct or
positioned radially inwardly of the surfice 52A, such tha
when the bone screw assembly 10 frictionally engapes the
surface 52A, the surfisce T2A 15 spaced from the bone screw
assembly 10. Furtbermore, similar to what was previously
deseribed with respect to the conmector 1, the bone screw
assembly 10 is sized and shaped to frictionally engage the
coil-like member 44 withowt crushing or otherwise friction-
allv engaging or fixing the coil-like member 4 against the
core BA within a cooperating bone screw assembly 10 located
abong the coil-like member 4A receiving the portion 484 of
the thread 9A, thus allewing for relative movement between
the coil-like member 4.4 and the core 8A.

[0103]  As shown in the drawing figures, and in particular
reference o FIGS. 13 and 16, the substantial portion 484 of
the thread 94 of the inner cone 8A is sized and shaped such
that the thread portion 48A i3 wniformly spaced from the
surfaces defining the helical slit 60A of the coil-like member
4A. In particular, the substantially square thread 9A includes
a leading surface TA and a trailing surface T6A, The cml-like
member has surfaces TEA and 80A that form the helical slin
604, Allalong the thread portion 484, the thread surfice T4A
is spaced from the surface coil surface TBA and the thread
surface T6A is spaced from the coil surface BOA. This spac-
ing. along with the gap 51A between the outer cylindnical
surface 404 of the thread 9A and the inner surfsce 544 ol he
coil-like member 44, allows for axial and twisting movement
of the inner core 8A with respect 1o the eoil-like member 44
until an axial movement or modion s sufficient 10 canse the
surface T4A to abart against the surface TEA andior the surface
T6A 1o abut against the surface B0A. It is loreseen that the
sequine thresd 484 could be Veshoped or some oiher shape,
[0104]  For the desired spacial alignment of the thread 94
with respect o the shit 80A 10 occur, the pitch of the sht 60A
is substantiolly e same as (e pitch of the thresd 9A of the
core BA. Pitch is the distance measured parallel 1o the axis
A, between commespomding points on adjacent thread forms
in the same axial plane and on the same side of the axis. The
ameant or degree of pitch of the thread 94 and the slin 604
may be chosen based upon the mgidity or stiffness require-
menis for the assembly 1A and shock absorption desired. For
example, it is noted that increasing the pitch (i.e.. forming a
more acule angle between the slant of the thread 9A and the
slin 60A with respect o the axis AA and therefore increasing
the distance between corresponding points on adjacent thread
forms in the same axial plane) results in a stiffer assembly
with respeci to bending and axial displacemenis. Furiher-
mare. a benefit of increasing pitch is a lessening of impact
loading between the thread 9A and the surfaces of the mem-
ber 4A defining the helical slin 60A, Stated in another way,
when there is relative movement between the coil-like mem-
beer dA and the core 8A such that surfaces 744 and 7oA of the
thread portion 48A abut against or make momentary impact
with surfices T8A and 804 defining the slit 60A, when the
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pitch is gremter, the facing surfaces 74A and TBA and also the
facing surfaces T6.A and BOA slide with respect to one another
rather than coming to an abrupt impact as occurs when the
pitch is not as great. Therefore, increasing the pitch dampens
the jolts of an impact between the surfaces of the thread
portion 484 and the surfisces ol e member 4A than define the
slit ¢0A, thus improving shock absorption.

[0105] It is noted that the inner core 8A may be sized and
msde from such materials o5 w provide for a relotively more
rigid assembly 1A or a relotively more flexible assembly 1A
with respect W flex or bendobility along the sssembly 1AL
Such Hexibility therefore may be varied by changing the outer
diameter of the inner core A and thus likewise changing the
diametric size of the coil-like member 44, Also, it is noted
that longer assemblies 1A mav need o be stiffer and thus
larger in diameter than shorter assemblies 1A, In addition,
since the distance between the bone screw assembly heads
can vary, the coil-like assembly may need 1o be more or less
il

[0106] It s foreseen that in onder 10 keep scar tissug (rom
growing into the coil-like member 44 through the helical slit
60A, an inner or carter sleeve or sheath-like structure may be
placed, adhered or otherwise applicd to cither the external
surfsce 524 orthe mtemal surfice S4.A of the coil-like mem-
ber 4A. Such a sheath-like structure would be of a size and
shape such that axial movement of the coil-like member 4.4 is
not hindered and thus any relative movement between the
coil-like member 4.A and the eylindrical core § is not hindered
or prevented,

[0107]  The longiiudinal connecting member assembly 1A
cooperates with the bome screw assembly 10 amd the closure
struciure 30 in the same manner as previously described
herein with respect to the longitudinal connecting member
assembly 1. With panticular reference o FIGS, 10-13, the
longitudinal connecting member assembly 1A s first
assembled by insertiing the inner core 8A into ihe bore 564
defined by the inner cvlindrical surface 34A of the coil-like
member 44, The end S0A of the inner core BA is placed into
b open end SEA of the coll-like member 44 with the thread
9A being received by the shit 604 o the location 624, The
core BA is then rodated, advancing the thresd portion 484
toward the nose S9A until the thread portion 47A engages the
surfsces THA and 8004 that form the slit 60A, with the surface
444 of the stop 424 abutting against the end surface SEA of
the coil-like member. As illustrted in FIG. 13, the thread
portion 47A, having a thickness grester than the portion 484,
frictionally engages the surfaces TBA amnd B0A an respeciive
surfaces T4A and 76A, fixing the core 8A 1o the coil-like
member 44 near the stop 424,

[0108] The connecting member assembly 1A 15 eventually
positioned n an open or percutaneous manner within the
U-shaped channels 156 of two or mose bone serew assemblics
10. The second or upper compression structure 24 is then
ploced incach assembly 10 with the U-shaped seating surface
236 facing the coil-like member 4. The closure structure 30
i then inserted into and advanced between the arms 152. T is
noted that il is also possible to insen the closure structure
pre-attached 1o the upper compression strecture with the two
parts snapped together. As the closure strocture 30 15 rotated
between the arms 152, the central recess or aperiure 258
receves the pin 244 ofthe compression member 26, centenng
the member 26 with respect to the receiver 20 and the con-
necting member assembly 1A Comtinued rotation of the clo-
sure strocture M results in engagement between the surlaces
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240 mmd 256, uni formily pressing the compression member 26
against the coil-like member 4A at the seating surface 236 of
the compression member 26 and the outer substantially cylin-
drical, bt discontinuous surface 52A of the coil-like member
4A. The coil-like member 44 in tum presses downwardly
against the seating surfoce 216 of the lower compression
structure 24, pressing the structure 24 downwardly into
engagement with the retaining and articulating structure outer
surface 204 10 set the angle of anticulation of the shank body
16 with respect to the receiver 20,

[0109]  With particular reference o FIG, 16, the compres-
sion structure 26 also presses against the compression stroc-
ture 24 st the surface 218 as the closure structure is torqued
3, clamping the shank body 16 into a fixed position with
respiect (o the receiver 20, However, the cvlindrical surfaces
216 and 236 of the compression structures 24 and 26, respec-
tively, cradie and protect the coil-like member 4 A from crush-
ing against the inner core 8A. Thus, alihough torquing of the
chosure structure 30 against the compression structure 26
clamps the coil-like member 4A with enough force 1o keep
the member 4A in a fixed position in the receiver 20, the
compression strsctures 24 and 26 allow for maintaining the
gap $1A between the cylindrical surface 404 of the core 84
and the coil-like member 44, and also keep the thread portion
48A spaced from the surfaces TEA and 80 that form the =lin
604 and the ower surfsce T2IA of the thread ponion 48A
spaced from the compression members, such that relative
movement between the inner core 8A and the member 44 is
possible, along a length of the core 8A having the thread
portion 484 thereon,

[0110]  With reference 1o FIG. 17, o second bome screw
assembly 107 is illustmted, attached o the assembly 1A near
the end stop 42A at the location of the thicker thread portion
47A. The assembly 100 includes a shank 14°, a receiver 200, a
retaining and articulating structure 22°, a first compression
structure 24", a second compression structure 26' and o clo-
sure structure MY the same or substantially similar 1o e
respoctive shank 14, receiver 20, retaining and articulating
structure 22, first compression straciure 24, second compres-
sion structure 26 and closure structure 30 of the assembly 10,
and all sther comesponding streciure previously described
herein with respect to the assembly 10, As illustrated in FI1G.
17. the outer surface T0A of the thread portion 47A is Aush
with the outer surface 52A of the coil-like member 4.4, There-
fore, the compression structures 24" and 26' engage both the
surfaces S2A and TOA when the closure structure 30 engages
the mecenver 200 and the compression structure 26", fixing both
the coil-like member 4A and the inner core 84 within the
receiver 200 of the assembly 10,

[0111] If removal of the assembly 1A from any of the
assemblies 10 or 10 is necessary, or il it 15 desired 1o release
the assembly 1A at a particular location, disassembly 15
accomplishod by using the daving tool (not shown) with a
star-shaped driving formation on the closure structure 30
internal drve 262 1o rotate and remove the closure structure
3 from the receiver 20, Disassembly of the assembly 10 or
10" is accomplished in reverse order 1o the procedure
deseribed previously herein for assembly.

[0112] With reference o FIGS. 18-21 an allemative
embadiment of a dynamic longitudinal connecting member
assembly, generally 301 is illustrated. The connecting mem-
ber assembly 301 includes an outer, cannulated coil-like con-
necting member 304 and a substantially cylindrical core or
insert 308, having anowter helical thresd 309 extending rdi-
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ally from an outer evlindrical surfice 340, the core 308 being
thresdably receivable in the coil-like member 304 and fixed
theereto at only one end near an end stop 342, the thread 309
sized and shaped 1o be received in spaced relation 1o a helical
slit 360 of the coil-like member 304. The dynamic connecting
member assembly 301 cooperates with at least o pair of
polyaxial bome screw assemblies according o the imvention,
such as the assembly 10 previously described herein.

[0113] The connecting member assembly 301 is substan-
tially similar to the assembly 1A with the exception that the
thresd 309 is substantially uniform in size and shape along an
entire length thereof, having an owter surfoce 372 that is
disposed radially inwardly of an outer surface 352 of the
covil-like member 304, similar 1o the surface T2A of the thread
portion 48A of the assembly 1A, Near the end stop 342, the
core 308 includes a evlindrical portion 384 of greater diam-
eler than the remaining ovlindncal surface 340, the porion
384 sived and shaped to provide a frictional press (it between
e coil-like member 304 and the core 308 at only the portion
384, when the core 308 is fully received in the coil-like
member 304, Thus, other than at the portion 384, the cone
cylindrical surface 340 and the thread 309 are in slidable
engagement with the coil-like member 304,

[0114] Itis noted tha assemblies 1A, 301 and 10 secording
1o the imvention advamageously allow for replacement of the
assembly 1A or 301 with other conpecting member assem-
blies (dynamic or rigid) having the same or redoced outer
diameter. For example, if it is found that a patient requires a
connecting member with additional ngidity, the closure
structures 30 may be removed, followed by removal of the
upper compression structure 26, followed by removal of the
assembly LA or 301 and then an assembly LA or 301 may be
implanted having a sht with grester piich but the same ouler
diameter. Such an assembly may be more nigid, but would be
sized and shaped to properly engage both the lower compres-
spon structure 24 amd the upper compression structire 26 and
be crsdbead. with the outer coil being held Agidly in place
ilsereby. I it is desired to replace the assembly 1A or 301 with
a rigid rod having an outer diameter that s smaller than the
outer diameter of the assembly 1A or 301, such a rod may be
placed on the lower compression structure 24. Then, an upper
compression structure spaed smd shoped o cooperate with
both the rigid rod and the closure struciure 30 can be utilized
1o hold the rigid rod properly centered in place within the
receiver 20. The fact that such a rigid roed of reduced diameter
would not be closely hebd by the kower compression structure
2415 not of concern because the upper compression strueture
in combination with the closure siructure 30 provides
adequate centering support.

[0115] With reference w FIGS. 22-34, the reference
numeral 401 generally designates an altemative polyaxial
bone screw assembly according to the invention for use with
the dynamic stabilization longitedinal connecting member
assemblies 1, 1A and 301 previously described herein and the
assemblies 1B, 1C, 10 and 1E described below. The bone
screw assembly 401 includes a shank 414 that further
incledes a body 416 integral with an upwardly extending.
substantially cylindrcal upper end or caplure structure 418; a
recerver or head 420 having a central axis C; a retaining and
articulating structure 4225 o first lower compression strsciurne
424 and a second upper compression structure 426, The shank
414, the receiver 420, the retaining avd articulating strsciure
422 and the first compression structure 424 are preferably
assembled prior o implantation of the shank body 416 intoa
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verlebra (nol shown), The shank 414, the recever 420 and the
retaining and articulating structure 422 are identical or sub-
stantially similar to the shank 14, receiver 20 and retaining
and articulating structure 22 previously described herein with
respisct 1o the bone screw assembly 10 and such discussion is
incorporated by reference henein with respect to the assembly
401. The lower compression siructure 424 and e upper
compression structure 426 are substantially similar 10 the
respective lower compression structure 24 and the upper
compression structure 26 of the assembly 10, with the excep-
tion that they cooperate with one another in a slidable fashion
rather than abut one another. In particular, the upper compres-
sion structure 426 is receivable in the lower compression
structure 424, with the compression sirctures cooperating
independently with a nested set-screw type closure structure,
generally 430, in o manner that will be desenbed in greater
detail below,

[0116] FIGS. 22-25 show the nested set-screw type closure
structure 430 of the invention for capluring the longitudin)
connecling member assemblies acconding 10 the invention,
such as the assembly 1A, within the receiver 420, The closure
structure 430 includes an ouler fastener 432 and an wploaded
st serew 434, The fastener 432 includes a base 436 integral or
olerwisze altached 1o a break-ofl head 438, The base 436
couperates with the receiver 420 10 caplure the bongitudinl
connecting member 1A (or any other longitudinal connecting
member according to the invention) within the bone screw
receiver 4200 The break-off installation hesd 438 includes an
internal drive or aperture 440 sized and shoped for engage-
ment with a tool (not shown) for installing the Bstener 432 (o
the bone screw receiver 420 and thereafter separating the
break-off ead 438 from a respective base 436 when instal-
lation torque exceeds selected levels.

[0117] The base 436 of the fastener portion 432 is substan-
tially cylindrical, having an axis of rotation 13 and an external
surface 450 hoving a guide amd advancement strscture 452
disposed thereon. The guide and advancement structure 452
is matingly attachable to a guide and advancement structure
453 of the bose screw receiver 420, The cooperating guide
and sdvancement structures 452 and 453 can be of any type,
including V-iype threads, buttress threads, reverse angle
threads, or square threads, and are preferably helically wound
flange forms that interbock and are splay resistant, and thus do
not exert rmadially outward forees on the arms of the receiver
420, thereby avoiding tendencies toward splaying of the
receiver arms when the fstener portion 432 is tghtly orqued
into the receiver 420.

[0118] The fastener portion 432 includes an internal, cen-
trally located bore 454, Al the base 436 the bore 454 1
substantially defined by a guide and advancement structure,
shown in FIG. 24 as an internal V-shaped thread 456, The
thread 456 is sized and shaped to receive the threaded set
serew 434 thercin as will be diseussed in more detail below.
Although a traditional Veshaped thread 456 i= shown, it 1=
foreseen that other types of helical guide and advancement
structures may be used, Near a top of the base 436, an abut-
ment shoulder 460, extends uniformly radially inwardly. The
abutment shoulder 460 is spaced from the V-shaped thread
456 and speed amd shaped o be a stop for the sel serew 434,
produbiting the set screw 434 from sdvancing upward v out of
the hage 436, It iz foreseen that alternatively, the sel screw
may be equipped with an owtwardly extending abuiment fea-
ture neear a base thereof, with complimentary alterations made
in the fastencr basce 436, such that the set screw 434 would be
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prolibited from advancing upwardly out ol the lop of the base
436 due 1o abutment of such outwardly extending feanure
against a surface of the base 436,

[0119] An inner cylindrical wall 462 scparates the abut-
meent shoulder 460 from the thread 456. The cylindrical wall
462 has a diameter equal to or slightly greater than a root or
majer dinmeter of the intermal thread 456, The wall 462 par-
tially defines o cvlindrical space or passage 464 for axial
adjustable placement of the screw 434 with respect to the
longitudinal connecting member 1A

[0120] The fastener break-off head 438 is integral or oth-
erwise attached 1o the fastencer 432 al a neck or weakened
region 466, The neck 466 is dimensioned in thickness 1o
control the torque at which the break-off head 438 separates
from the fastener 432, The preselected separation torgue of
e neck 466 iz designed to provide secure engagement
between the Bstener 432 and the lower compression struciure
424 that in lum presses against the rtaining and articulating
structure 422 that is threadably mated 1o the shank 414,
clamping the shank 414 in a desired angular orenation with
respect to the receiver 420 and the longiudinal connecting
member 1A The fastener 432 thus captures the longitudinal
connecting member 1A within the recever 4200 before the
lieac 438 separates, by abutting against the lower compres-
sion member 512 without making contact with the coil-like
member 4. For example, 1200inch pounds of force may bea
selected break-off torque to lock the bone screw shank in
ploce without placing any pressure on the coil-like member
4A, The ilhsstrted intemal drving festure 440 of the break-
off head 438 enables positive, non-slip engagement of the
head 438 by an installation and terquing teol. Separation of
e break-ofl head 438 leaves oaly 1he more compact base 436
of'the fastencr 432 installed in the bone screw recetver 420, so
that the installed fastener 432 has a low profile. As will be
described in grester detail below, the set screw 434 may then
be rotaed and moved downwardly inilo secure engagement
with the coil-like member 4A without forcing the coil-like
member into contact with the threaded core 8A.

[0121] The base 436 of the fastener 432 preferably includes
1 ramped or incline surfice or structure 468 for cooperating
frictienal engagement with an inclined surface 469 of the
lower compression structure 424 as best illustmied in FIGS.
31 and 32, Both surfaces 468 and 469 slope downwardly
radially from the guide and advancement structure 452
toward the axes C and 1 when the fastener and compression
struetures ane assembled in the receiver 420, Ramped contact
between the Betener 432 and the lower compression structine
424 strengthens the structure 424 and prevents capture of the
Upper compression strcture 426,

[0122] The uplosdable sel screw 434 has a substantially
annular and planar iop 476 and a substantially annular and
plamar bottom 477, The screw 434 is substantially cvlindrical
in shape and coaxial with the fastener 432, The screw 434
includes an owter cylindrical surface 478 disposed near the
botteam 477 and o thresded surfsce 480 extending from the top
476 10 the cvlindrical surfce 478, The v-shaped thread 480 is
sized and shaped to be received by and mated with the inner
thread 456 of the fastener base 436 in a nested, coaxial rela-
tionship.

[0123]  As illustrated, for example, in FIGS. 24 ad 25, The
sel serew 434 includes a central aperture 486 formed in the
top 476 and defined by side walls 488 that define a driving
feature similar to but of smaller dimensions than the driving
feature 440 of the fastener 432, The driving feature further
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ineludis @ seating surface or boltom 489, aiding in 2 posilive,
non-slip engagement by a set screw installment and removal
tool {nod shown) that may be inserted through the aperture
formed by the driving feature 440 of the fastener 432 and then
into the wperture 486 and into engagement with the walls 488
defining the set screw drving feature. A hower central aper-
ture or bore 490 extends between the central aperture 486 and
the bottom 477 afthe set screw 434, The bore 490 s sized and
shaped to receive and hold an upper portion of the upper
compression structure 426 as will be described more fully
below.,

[0124] With reference 1o FIG. 24, the central set scrow
aperiure 486 cooperates with the central interna] bore 454 of
the fastener 432 foraccessing and uploading the set screw 434
into the fastener 432 prior 1o engagement with the bone screw
receiver 420 Adier the closure struciure 430 is inserted and
rotated in the bone serew receiver 420, and the break-ofl Tead
438 is broken ofl, the set screw 434 bs rotated by a ool
engaging the drive feature walls 488 to place the sel screw
batiom 477 into frictional engagement with the outer coil-like
member 44, Such frictional engagement is therefore readily
controllable by a surgeon so that the coil-like member 44
remarins in slidable engagement with the thread 94 of the core
8A. Funbermore, il desired, the sel screw 434 may be rotated
o @ funher extent 1o resull in pressure being placed on the
thread 9A andfor the core A by the coil-like member 44,
resulting in a fixed engagement between the set screw, coil
and core,

[0125] There are circumstances under which it is desirnble
or necessary 10 relense the longidinal connecting member
LA from the bone screw assembly 401, For example, it might
be necessary for a surgeon o re-adjust components of a spinal
fixation system, including the longitedinal connecting mem-
ber 1A, during an implant procedure, following an injury foa
person with such a system implanted. In such circumstances,
the ool that engages and rotales the sel screw 434 af the
driving feature 488 may be vsed to remove both the set screw
434 andd attached fastener base 436 as a single unit, with the
set screw 434 comtacting and contained within the base 436 by
the abutment shoulder 460, Thus, rotation of the set screw too]
engaged with the set screw 434 backs both the set serew 434
and the Gstener bose 436 oul of the guide and advancement
siructure 453 in the receiver 420, thereby releasing the lon-
ginsdinal connecting member 1A for removal from the bone
serew receiver 420 or repositioning of the longitudinal con-
necting member 1A, It is foreseen that other removal stroc-
tures such as side slots or other screw receiving and engage-
menl strpctures may be used o engage the set screw 434 1l
is nested in the fistener base 436,

[0126] With reference 1o FIGS. 22, 31 and 32, the lower
compression structure 424 includes a substantally cylindsi-
cal body 510 integral with a pair of upstanding srms S12. The
body 510 and amms 512 form a generally U-shaped, open,
through-chunnel 514 having a partially U-shaped bottom
sealing surfsce 516 having a radius substantially conforming
tor an outer radius of the coil-like member 44 and thus con-
figured to operably snugly engage the coil member 44 at the
outer surface 524 thereol. The arms 512 disposed on either
side of the channel 514 cach include a top langed portion
518, each portion 518 incleding e ramped or inclined sur-
face 469 previously described herein, sized and shaped 1o
engage the inclined surface 468 of the fastener 432, The
compression structure 424 further includes a bottom surface
520und a substantally cvlindrical outer surface 522, Aninner
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evhmdrcal wall 524 delining o central throwgh-bore extends
along a central axis of the compression structure 424 and
exiends berween the seating surface 516 and a substanizally
spherical surface 526. The surface 526 cxtends between the
inner cylindrical wall 524 and the bottom surfece 520. The
surface 526 is substantially similar o the sphencal surface
226 of the compression struciure 24 previously described
herein, the surface 526 being sized and shaped to frictionally
engage and mate with the outer spherical surfisce of the retain-
ing anvd articulating structure 422, The cvlindrical surface 522
haz an owter diameter slightly smaller than a diameter
between crests of the guide and advancement structure 453 of
the receiver 420 allowing for top loading of the compression
structure 424, The top surface portions 518 disposed on cach
ofthe upstanding arms 512 may be snapped into place within
the receiver 420 during installation as the arms 512 have
sufficient flexibility so that the flanged arms 512 may be
pressed toward one another during top loading, with the
flanged top portions 518 clearing the guide and advancement
structure 433, The lower compression streclure 424 is sized
sich that the compression strisclure 424 15 ultimately received
within the cylindrical surface of the receiver 420 below the
guide and advancement structure 453 with the flanged top
portions 518 received in recesses formed below the guide and
advancement structure 453 and the bottom surface 520 being
sparced from the receiver base. The receiver 420 fully receives
thee bowwver compression structure 424 and blocks the structure
424 from spreading or splaying in any direction. [t is noted
that mssembly of the shank 414 and the retaining strecture 422
within the receiver 420, followed by insertion of the kower
compression strocture 424 into the receiver 420 are assembly
steps typically performed at the frclory, sdvantageously pro-
viling o surgeon with o polyaxial bone screw with the lower
inseri firmly snapped into place and thus ready for insertion
into a vertebra. The through-channe] 514 15 sized and shaped
such that the upper compression structure 426 i receivable in
the channel 514 between opposed upper substantially planar
walls 528 that define an upper portion of the channel S14 near
e top surfaces 469, each wall 528 extending upwardly toa
respective inclined surface 469. Adequate cleamnce is pro-
vided such thal the upper compression strecture 426 15 in
slightly spaced or in sliding relationship with the walls 528,
allowing for independent movemeni of the upper compres-
shon structure 426 with respect fo the lower compression
struciure 424 and thus into greater or lesser frictional engage-
meent with the coil-like member 4A by pressure being placed
directly on the upper compression strscture 426 by the set
screw 434,

[0127]  With reference 1o FIGS, 26-30, the upper or second
compression structure 426 includes a body 530 having o pair
of downwardly extending legs 532, The body 530 and the legs
532 form a generally U-shaped, open, through-channe] hav-
ing a substantially U-shaped seating surfasce 536 having a
rdivs substantially conforming to the owter rdius of the
coil-like member 44 and thus configured o operably snugly
engage the coil member 4A at the external surface 52A
thereof opposite the seating surface 516 of the lower com-
pression structure 424, The legs 532 cach include o bottom
surfsce 538 that 1s substantially parallel to a planar top surlace
540, The compression structure 426 ncludes a pair of
opposed curved outer surfaces 542 substantially perpendicu-
lar to the top surface 540 and extending between the top
surfsee S40 and the seating surface 536. The curved surfaces
542 further extend along the legs 532 and werminate at the
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bottom surfaces 538, A par of opposed substantially planar
outer surfaces 543 are disposed between the curved surfaces
542 and are also disposed substantially perpendicular to the
top surface 540, cach planar surface 543 extending between
the top surface 540 and o respective boltom surfice S38.
[012B] A pin 544 of substantially circular cross section is
disposed centrally on the top surfsce 540 and extends
upwardly therefrom, being steed and shaped 1o G within the
centrally locited lower bore 490 formed in the set screw 434,
The pin 544 further includes a substantially cyvlindrical basc
546 and a U-shaped channel 548 formed by a pair of opposed,
flanged arms 550 that extend from the base 546 upwardly and
substantially parallel o one another. Each of the Manged arms
includes a partially conical surface porion 551 and a fla
bottom surface 552 that is substantially parallel to the top
planar surface 540 of the compression structure body 530, As
illustrated in FIGS. 29 and 30, the pin 544 is receivable in the
bore 440 with surfaces forming the bore pressing and deform-
ing the fanged arms 550 toward one ancther as the upper
compression structure 426 is pressed against the set screw
434 that has alrcady been up-loaded into a fastener portion
432 Once the conical surface portions 551 clear the bore 440
and enter the set screw aperture 486, the anged arms 550
returm 1o e onginal wprght and substantially parallel form
with the surfaces 552 being in comtact with and seated upon a
portion of the bottom surface 489 as illustrated in FIG. 30,
The Aanged arms 550 thus keep the compression structure
426 amached 1o the set screw 434 and vel rotatable with
respisct thereto about an axis of mation B of the cylindncal
base 546 of the strocture that is coaxial with the axis 1 of the
set serew 434 and fastener 432, providing a centered relation-
ship between the closure structure 430 amd the compression
structure 426 while allowing the compression structure 42610
freely motate into o position centered over and in gripping
engagement with the longitudinal connecting member 1
when assembled thereon. Furthermaore, if removal of the fus-
tener and uploaded set screw is desired, the anached com-
pression structure 426 is advantageously removed along
therewith.

[0129]  With reference to FICGS. 24 and 29-33, in use, the set
serew 434 is assemblod with the fxstener 432 by inserting a set
serew too] (nof shown) through the bore 454 of the fastener
432 and into the aperture 486 of the set screw 434, with outer
features of the tool engaging the inner walls 488 of the set
serew 434, The set screw 434 is then uploaded into the fas-
tener 432 by rotation of the set screw 434 with respect 1o the
fastener 432 1o mate the set screw thresd 480 with the fastener
inmer thread 456 unial the sel screw top surface 476 is spoaced
from the abuiment shoulder 460, but subsiantially nested in
the fastener 432, withonly the cylindrical surface 478 extend-
ing from the fastener base 436, The upper compression siruc-
ture 424 is then attached 1o the set screw 434 as previously
deseribed with e pin 544 being received by the bore 490 and
inserted therethrough wntil (e arms 550 are disposed within
the aperure 486, with the lower surfaces 552 of the flanged
arms scated on the bottom 489 of the set screw aperture 486,
copturing the flanged arms 550 within the aperture 486, The
nesied assembly shown in FIG. 24 and anached 1o an upper
compression structure as shown in FIGS, 29 amd 30 is now
pre-assembled and ready for use with a bone screw receiver
420 and cooperating longitudinal connecting member assem-
bly 1A,

[0130]  With reference to FICS. 31 and 32, the longitudinal
conmecting member LA is eventually placed inthe bone screw
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recerver 420 that has been previously attached 1o the bone
screw shank 414, retaining and articulating structune 422 and
lower compression structure 424. A driving toel (not shown)
i used 1o rotate the closure structure by engagement with the
drive feature 440 of the break-off head 438, mating the guide
and acdvancement structures 452 and 453, During installation,
ihe fastener inclined surface 468 frictionally engages the
inclined surface 469 of the lower compression struciure 424,
that in tum presses against the retaining and articulating stroe-
ture 422 that is threadably mated to the capaure structure at (the
shank upper end 418, biasing the retaining and articulating
struciure 422 inio fixed frictional contact with the receiver
420, such that the recciver 420 and the shank 414 can be
independently secured at a desired angle with respect to the
receiver while the longitsdinal connecting member 1A
remains movable within the receiver and vet substantially
capiured beitween the compression structures 424 and 426,
With reference o F1G. 33, the closure structure is rotated until
a selected pressure is reached at which fime the head 438
breaks off, preferably about 30 wo about 1200nch pounds that
adeguately lixes the bone screw shank 414 with respect 1o (he
recever 420, When the break-off head is removed, the upper
compression stracture 426 is preferably in contmct with the
coil-like member 4A, bul placing linke iff any pressure
thereon. Then, a set screw drving ool (ot shown ) is inserted
into the drive feature 488 and the set screw 434 s rotated
domawardly, into contact with the coil-like member, pressing
ihe coil-like member 4A 10 a desired amount, preferably
enough 1o substontiolly ottech ond orient the longitudinal
connecting member assembly 1A relative 1o the vertebrae and
el allow for some relitive movemsent of the outer coil-like
member 44 with respect to the inner core 8BA, providing some
reliel (eg., shock absorption) with respect 1o exion, extens
sion, compressive and distractive forces placed on ihe assem-
bly 1A and two or more connected bone screw assemblics
401. The coil-like member 4A 15 also able 1o wist or turn with
respect o the thresded core 8A, providing relief for orsional
stresses. However, the solid core 8A does not panicipate inor
provide any means for worsional elasticity or axial compres-
sion and distraction along & length of the outer coil 4A. In
mrost instances, he pressure placed on the outer surface of the
coil-like member 4A by the set screw 434 s sufficient 1o
clamp the member 44 between the upper and lower compres-
shon structures 424 and 426, but not enough 1o crush or press
the coil-like member 4A into fixed engagement with the inner
core 8A. The cooperation between the compression members
424 and 426 cradles the assembly 1A thereberween due 1o 1he
cvlimdrical inner surfaces thereof, with pressure from the
independend set screw 434 upon the upper compression mem-
ber 426 of preferably approximately only 500to abou 80 inch
pounds, that in tum places such pressure on the coil-like
member 44, However, if desined, the sel screw 434 may be
rodated fsrther, plecing additional pressure on the eol-like
member and further limiting or blocking relative movement
between the core A and the coil-like member 4.4

[0131] The polyaxial bone screw assembly 401 according
io the inveniion advantageously allows for the removal and
replacement of the longitudinal connecting member assem-
by 1A with another longitudinal connecting member having
a differemt overall or owler diameter, wilizing the same
recever 420 and the same lower compression siructune 424,
For example, as illustrated in FIG. 34, the flexible longitudi-
nil member connecting assembly 1A is removed and replaced
b a1 more rigid assembly, such a5 a solid rod 570 having an
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outer diameter that is smaller than an ouler diameter of the
coil-like member 4.A. The rod 570 is inserted ino the receiver
420 followed by a cooperating upper compression structure
572 attached to a replacement break-ofT head closure struc-
ture 430 identical (o the closure structure 430. The upper
compression strscture 572 is substantially similar 1o the com-
pression structure 426 with the exceplion that the siructure
571 is sized and shaped 1o include a mating surfoce 574 for
closely cooperating with and contacting an outer cylindrical
surface of the replacement longitudinal connecting member
570, It is not necessary that the lower compression member
424 be in Tull contact with the rod 370 for adequaie caplure
and fixing of the solid rod 570 with respect to the receiver 420
and the shank 414 as the rod 570 is ceniered and received fully
by the'replacement upper compression structune 572 that also
ingludes a pin {not shown) that 15 centrally recenved in the set
serew 434" of the replacement ¢losure structure 4307,

[0132] With reference o FIGS. 35-39, the reference
numeral 18 generally designates a non-fusion dynamic sta-
bilization flexible longitudinal conmecting member assembly
according to 1he present imvention. The connecting member
assembly 1B includes an outer, cannulated coil-like connect -
ing member 4B and a solid cvlindrical cone 68 receivable in
the coil-like member 48, The evlindrical core 68 generally
ingludes at least one integral suppon member 88 and one or
mere adjustable support members 913 shdably mountable on
the core 6B, Each support member BB and 98 includes an
outer helically wound projection 12H and 13B. respectively,
adapied for cooperation with the coil-like member 48 as will
be described maore fully below,

[0133] The dviamic conmecting member assembly 13
cooperates with al least a pair of polvaxial bome screw assenm-
blies according to the invention, one such assembly, gencrally
10B, is shown in FIG. 37 and three polvaxial bone scrow
assemblies 108 are shown in FIG. 39, cooperating with one
dynamic connecting member assembly 18, With reference o
FIG. 37, the assembly 108 includes a shank 148 thay further
includes a body 168 integral with an upwardly extending,
substantially cylindrical upper end or capture siructure 1813;
a receiver or hesd 208: and a retaining and articulating struc-
ture 228, The shank 148, the receiver 208, and the retaining
and articulating structure 228 are preferably assembled prior
i implantation of the shank body 168 info a verichra (nod
shown).

[0134] FIGS. 37 and 3% further show a closure structure
I0B of the invention for capturing the longinedinal connect-
ing member assembly 1B within the receiver 201, Upon
installation, which will be described in greater detail below,
the closure structure 301 presses against the owter coil-like
member 483 and also the helical projection 128 or 138 of
respective support 8B or 9B that is disposed within the coil-
like member 4B, Therefore, the lexible coil-like member 453
is ok crushed or otherwise deformed by the closure structure
A0B. With respect to the support 91, in addition 1o supporting
the coil-like member 413, the support 98 allows for relative
mevement betwesn the core 61 and the portion of the goil-
like member 4B supported by the suppon 9B, The coil-like
member 48 supported by the support 38 or 98 in turn presses
against the shank upper portion 188 that is threadably mated
1o the retaining and aniculating structure 221,

[0135] As will be discussed in grester detail below, the
retaining and aniculating structure 221 is in tum pressed into
fixed frictional contact with the receiver 208, =0 as 1o sub-
stantially attach and crient the longitudinal connecting mem-
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ber assembly 1B relative 1o the vertebra and vet allow for
relative movement of the coil-like member 483 with respect 1o
ihe inner cylindrical core 6B, providing relief {e.g.. shock
absorption) with respect to tensile and compressive forces
placed on the assembly 1B and two or more connecied assem-
blies 10B. Alse, because the adjustable supports 983 arc slid-
ably attached 1o the core 68, the coil-like member 4g may
twistor tum with respect 1o the cvlindrcal core 6B, providing
reliel for torsional stiresses, The solid mner core 68, however.
does not participate in or provide any means for torsional
elasticity or axial compression and distrection along a length
of the outer coil-like member 48, Furthermaore, the receiver
2003, the shank 1413, and the retmning and articulating struc-
ture 228 cooperate in such a manner that the recerver 208 and
the shank 148 can be secured at any of a plurality of angles,
articulations or rodational alignments relative to one another
and within a selected range of amgles both from side 1o side
andd from front ko rear. 1o enable flexible orarticulmed engage-
ment of the receiver 2088 with the shank 148 umil both are
lecked or fixed relative 1o each other. Allematively, it is fore-
seen that the connecting assembly 1B may be inserted into a
receiver for a book or into a receiver that is fixed in position
with respect (0 a bone screw shank, such as a bone screw
recever with an integral shank extending therefrom, of within
a receiver with limited angular movernent with respect to the
shank, such as & hinged connection.

[0136] The longitudinal connecting member assembly 15,
illustrated in FIGS. 35-38, is elongate, with the outer coil-like
member 4B being made from metal or metal ollov or other
suitahle materials, ineluding plastics and composites; and the
solid inmer cylindrical cone 6B, and the supports 8B and 9B
also being made from metal, metal alloy, plastic or composite
material, In order 1o reduce the production of micro wear
debris, that in turn may cause inflammation, i is possible io
make the coil-like member 48 from a different material than
i core 683, For example. the coil-lhke member 48 may be
made from a metallic material, such a5 tianiom, while the
core member 68 and attached support 8B may be made from
polyethylene, such as an ultra high molecular weight poly-
cthylene. Also, it may be desirable to coat the components
with thin, hard, super-slick and super-smooth substances or
otherwise design the support 98 such tht wear debns does
not occur between the support 9B and the core 68, Such
combinations result in lower friction between the compo-
nents 48, 68, 88 and 98, and thus result in lower wear.
Alternatively, the core may be made from metal and the
coil-like member made from some other material. Another
altermative is 10 coat either the coil-like member 4B or the core
6B with a material other than meial such that adjacent, sliding
surfaces ane not both metallic. Such metal o non-metal coop-
eration desirably resulis in at most, minor amounts of particu-
late matter formed between cooperating surfaces of the coil-
like member 4B, the cone 68 and the supports 81 and 98,
[0137]  With reference w FIGS. 35-39, the core 68 is solid
and elongate, having a central axis AB and a smooth cylin-
drical surface 408, The support 8B is integral or otherwise
fixedly atiached to the core 61 ai the cylindrical surfece 401.
In the illustrated embodiment of the assembly 1B shown in
FIiS. 35-39, thit 15 dissigned for use wath three bone serew
assemblies 101, the support 81 that iz integ ral o the core 6B
i% at a location 421 disposed substantially centrally between
an end 448 and an opposite end 458 of the elongate core 613,
It is noted however, that the integral or fixed support 85 may
b at any lecation along the axis AB. For example, the imtegral
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support 88 s tvpacally located near the end 448 or the end
458 of the core (oot shown) when only two bone screw
assemblies VOB are used o hold a connecting assembly 1B. It
may alse be desirable to have the fixed support 88 be near the
end 448 or the end 458 when o longer assembly 1B 1s
implanted using three or more bowe serew assemblies. Thus
the fixed or integral support 8B may be at any location along
a length of the core 6B, providing suppornt for the coil-like
member 48 a1 a panticular bone screw assembly 108, the
surgeon then readily adjusting the location of any other slid-
ingly mountable support 9B based upon the location or loca-
tions of the other bome screw assemblies 108 being used o
hold the connecting member assembly 18 in place.

[0138] The kelical projections 128 and 138 of the respec-
tive supports 88 and 98 are sized and shaped to extend
radially from the cylindrical surfece 408 and wind about the
surface 408 along the mxis AB. An axially dirceted length L of
each helical form or projection 12B and 138 is sized 10 fin
partially or completely within the receiver 208 of 1he bone
screw assembly 1083, providing stability 10 a ponion of ihe
coil-like member 418 that is at least pantially received within
the receiver 208 and pressed upon by the closwure structure
30B. The projections 128 and 138 are sized and shaped (o
cooperate with the coil-like member 4B in size and helical
pitch, extending radially into a helical slit of the member 4183
as will be described in greater detail below.

[0139]  With respect to the support 98, an inner cylindrical
wall 481 defines a through-bore 498 sized and shaped o
receive the core 6B and slidingly maote with the outer cylin-
drical surface 400 thereol, The support 91 has an owter ¢ylin-
drical surfece 528 from which the helical projection 138
extends. The integral support BB also includes an outer cylin-
drical surfece S4B from which the helical projection 1213
extends, The cylindrical surfeces 52B and 54 are both smooth
and identical or substantially similar in outer radius and diam-
eter. The radi of the evlindrical surfaces 528 and 548 are
slightly smal ker than an inmer radivs of an inner surface 358 of
the coil-like member 48, providing for sliding engagement
hetween the surfaces 528, 541 and the inner surface 558,
Furthermaore the cylindrical surface 408 of the core 68 has a
substantially uni form outer radius than is slightly smaller than
the radii of the surfaces 528 and S4B, providing a gap of
annular cross-section between the surface 4003 and the inner
surface 558 when the core 68 is inserted in the coil-like
member 48 and fully received in the coil-like member 48.
Thus, with the exception of the one location wherein the fixed
support 88 engages the coil-like member 48 within a bone
screw assembly 108, the core 68 can move relative 1o the
coil-like member 4B along the axis AB, including the por-
tions of the core 68 within bone screw assemblics 108 in
which the coil-like member 4B is supported by a sliding,
adjustable suppont 98, Twisting or torstonal movement of the
conl-like member 4B iz possible between bone screw asseni-
blies 108, with both the support 813 and the suppon or sup-
ports 9B fixing the coil-like member 48 within a receiver
208, However, because of the helically wound nature of the
supports 8B and 98, the coil-like member 48 15 not crushed
by a closure structure 308 pressing thereon.

[0140]  The coal-like member 48 15 substantially cylndneal
with an outer substantially cvlindrical surface 628 and 1he
inmer substantially cvlindrical and smooth surface 558 pre-
vieusly identified herein. The surface 558 defines a bore 6613
with a circular cross section, the bore 668 extending com-
pletely through the coil-like member 4B, The member 413 has
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an end surface 688 and an opposite end surfoce 6918, The
member 413 funther includes a helical slit 728 that extencds
theerethrough from the cuter surface 628 to the inner surface
558 and beginning near the end surface 688 and winding
alomg an entire length of the coil-like member 48 10 near the
end surface 69B. Allernatively. it is foreseen that the slit T2B
may extend through one or boal of the end surfaces 688 and
6915, A width messured across the slit 721 is only slightly
larger than a width of the helical projections 128 and 138,
such that when the coil-like member 48 engages the supports
8B and 9B, the respective projections 128 and 138 saugly fit
with ithe member 4B by extending ihere into ai the shi T2B,
with respective end surfaces T6B and 773 of the projections
128 and 138 being substaniially flush with the owter cylin-
drical surface 62B of the member 4B.

[0141] When the cylindrical core 613 is insened in the coil-
like member 413 the member 41 is rotated about the core 68
at the fixed support 85 uniil the core 68 extends completely
through the bore 668 along the axis AB and substantially
aleng an entire length of the coil-like member 48 as shown in
FIG, 36, Initially, the coil-like member 48 is only attached 10
thee core 68 by the projection 128 of the support BB extending
into the slit 728, The member 42 is not otherwise fixedly
attached to the solid core 68. A support 98 may then be
rodated abowt the core 68 with the projection 138 being fid
thironhs the slit 723 until a desired location of the support 9B
is reachwed along the axis A cormesponding to a location of a
bone screw assembly 101 relative to the bone screw assembly
108 cooperating with the coil-like member 42 at the support
8B, Any additional supporis 92 (for supporting the member
413 ot any additional bone screw assemblics 108 are fed inte
e coil-like member in the same mamner umtil such supports
91 are at desired locations along the coil-like member 48,
[0142]  Itis noted that the cone 613 may be sized and/or made
from such materials so as to provide for a relatively rgid
assembly or o relstively Nexible assembly with respect to flex
or bendability along the sssembly 18, Such flexibiliny there-
fore may be varied by changing the outer diameter of the core
6B and thus likewise changing the diametric size of the coil-
like member 48 or by changing the material from which the
core 68 andlor coil-like member 48 are made. Also, 1t is
noted thot longer assemblies 18 may need 10 be stffer and
thus larger in diameter than shorter assemblies 18, The flex-
ibility of the assembly 1B may also be varied by varying the
pitch ef the helical slin T283.

[0143] It is foreseen that in order 10 keep scar tissue {rom
growing into the coil-like member 41 through the helical slit
T2, an inner or outer slecve or sheath-like structure may be
placed, adhered or otherwise applicd 1o cither the outer sur-
fivce 6213 or the inner surface 558 of the coil-like member 48.
Such a sheath-like struciure would be of a size and shape such
ihat axial movement of the coil-like member 413 is not hin-
dered and thus any relative movement betwoen the coil-like
member 48 and the cylindrical core 68 is not hindered or
prevented. Such asheath-like structure could also capture any
wear debris,

[0144] The shank 148 of the bone screw assembly 108,
best illustrated in FIG. 37, is elongate, with the shank body
163 having a helically wound bowé implamtable thread 1248
extending from near a neck 1263 located sdjacent to the
capture structure 188 w a tp 1288 of the body 16013 and
extending radially outward therefrom. During use, the body
168 utilizing the thread 1248 for gripping and advancement is
implanted into o vertebra leading with the tp 1281 and driven
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dewn inte the vertebra with an installation or doving tool {no
shown ), s0 05 to be implanted 1o the vertebra o near the neck
126B. The shank 148 has an elongaie axis of rotaiion gener-
ally dentified by the reference letter BB,

[0145]  To provide a biologically active interfoce with the
bone, an outer surface 1298 of the shunk body 168 tha
ingludes the thread 1241 and exiends between the neck 12603
and the tip 1288 15 coated, perforted, made porous or oller-
wise treated 1308, The treatment 1308 may include, but is
not limited 1o 2 plasma spray coating or other iype of coating
of a metal or, for example, a calcium phosphate; or a rough-
ening, perforation or indeniation in the surface 1291, such as
by sputtering, samd blasting or ackd eiching. that allows for
bony ingrowth or ongrowth. Certam metal coatings act as a
sealfold for bone ingrowth, Bio-cermmic calcium plosphate
coatings include, but are not limited to: alpha-tr-calcium
phosphate and beta-tri-calcium phosphate (Ca, (PO, )., tetra-
calcium phosphate (Ca,Py0g), amorplous calcium phos-
phste and hvdroxyapatite (Ca, (PO, ),(0H), ). Coating with
hydroxyapatite, for example, is desirble as hvdroxyapatite 1s
chemically similor to bone with respect 1o mineral content
and has been identified as being bioaciive and thus noi only
supportive of bone ingrowth, but actively taking parnt in bone
bonding.

[0146] The neck 1268 of the shank 143 extends axially
cutward and upward from the shank body 168, The neck
12601 15 of reduced mdivs as compared 10 an adjacent 1op
1328 of the body 168, Funher extending axially and out-
wardly from the neck 1263 is the capiure structure 1818 that
provides a connective or caplure apparatus disposed at a
distance from the body top 1328 and thus ot a distance from
the vertcbra when the body 168 is implanted in the verichra.
The capture structure 138 is configured for connecting the
shank 143 w the receiver 208 and capruring the shank 148 in
the receiver 208, The capture structure 188 has an outer
substantially cylindrical surface having a helically wound
guide and advancement structure thereon which in the illus-
trated embodiment 15 a Veshaped thread 1368 extending from
near the neck 1268 10 adjcent 1o a seating surfoce 1388,
Although o simple thread 1368 is shown in the drowings, itis
foreseen that other structures including other types of threads,
such as buttress. square and reverse angle threads, and non
threads, such as helically wound flanges with interlocking
surfaces, may be alteratively used in altemative embodi-
menls of the present mveention.

[0147] The shank 1413 funther includes a 1ol engagement
structure 1408 disposed near a top end surfoce 1428 thereol
for engagement ofa driving ool (noi shown ). The driving tool
is configured to fit about the 0ol engagement structure 14013
50 as {0 form a socket and mating projection for both driving
and rotating the shank body 168 into the vertebra. Specifi-
cally in the embodiment shown i F1G. 37, the 1ol engage-
ment structure 1408 iz in the shape of o exagonally shaped
extension head coaxial with both the threaded shank body
168 and the threaded capture structure 18H.

[0148] The top end surface 1428 of the shank 148 is pref-
erably curved or dome-shaped as shown in the drawings, for
posilive engagement with the longitudinal connecling assem-
bly 1B, when the bone screw assembly VOB is assembled, as
shown in FIG. 39 and in any aligonment of the shank 1418
relative fo the receiver 208, In certain embodiments, the
surface 1428 is smooth. While not reguired in accordance
with the practice of the imvention, the surface 1428 may be
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seored or knurled o further merease fmctional engsgament
between the surface 1428 and the assembly 113,

[0149] The shank 148 shown in the drwings is cannulated,
having a small central bore 1448 extending an entire length of
the shank 148 along the axis BB. The bore 1448 i of circular
cross-section and has a first circular opening 1468 a1 the
shank tp 128 and o second circular opening 1488 at the top
surface 1428, The bore 1441 is coaxial with the threaded
body 161 and the capiure structure outer surface. Particularly
useful in minimally and less invasive surgery, the bore 1448
provides o passage through the shank 148 intenior fora length
of wire (nod shown) inserted into the veriebra prior 1o the
insertion of the shank body 168, the wire providing a guide
for insertion of the shank body 168 into the veriebra.
[0150] Alsowith reference to FIGS. 37 and 19, the receiver
208 includes a base 1508 integral with a pair of opposed
upstanding arms 1521 that extend from the base 1508 to ntop
surfisce 1548, The arms 1528 form a U-shaped cradle and
define a U-shaped channel 1568 between the arms 1528 and
iclude an upper opening 1578 and a lower seat 1380 having
substantially the same radius as the outer coil-like member 45
of the longitudinal connecting member assembly 18 for oper-
ably snugly receiving the member assemblby 18,

[0151] Each of the arms 1528 has an interior surface that
defines an nner cvlindrical profile and includes a partial
helically wound guide and advancemeni sirociure 162B. In
the illustrated embodiment, the guide and advancement struc-
ture 1628 is a partial helically wound flangeform configured
o mate under rotation with a similar, structune on the closure
meember 301, s descrbed more fully below, However, it is
foreseen that e guide and advancement structure 1628
could altermatively be a buttress theepd, a square thread, a
reverse angle thread or other thread like or non-thread like
helically wound advancement structures for operably guiding
under rotation and advancing the closure 308 dowmward
between the arms 1528 and having such o nature as 1o resist
splaying of the arms 1528 when the closure 3018 is advined
into the U-shaped channel 1561,

[0152]) Each of the anms 1528 includes a V-shaped-like
undercut ool engagement groove 1643 fomed on o substan-
tially planar ower surface 1668 thereof which may be used
for halding the receiver 208 with a holding tool (o1 shown)
having projections that are received within the grooves 1648
during implantation of the shank body 168 into the vertebra.
The grooves 1648 may also cooperte with a holding wel
during bose screw assembly and during subsequent installa-
tion of the connecting member 113 and closure 308, I is
foreseen that ool attachment receiving grooves or apertunes
may be configured ina variety of sives and shapes, including
rdiused, and be disposed at other bocations on the arms 1528,
[0153] Communicating with the U-shaped channel 1568
amd located within the base 1508 of the receiver 208 is a
chamber or cavity 1788 partially defined by an inner substan-
tally spherical seating surface 1828, the covity 1788 open-
ing upwardly into the U-shaped channel 1568, The base
1508 further includes a restrictive neck 1838 adjacent the
seating surface 1828, The neck 1838 defines an opening or
bore communicating with the cavity 1788 and a lower exte-
nor 1868 of the base 1508, The neck 1838 15 comcally
coumterbored or beveled 1o widen the angular range of the
shank 148, The neck 1831 is sized and shaped 1o be smaller
than a radial dimenzion of a fixed or fully expanded retaining
and articulating structure 22H so0 85 to form a restriction at the
Iecation of the neck 1838 relative 1o the retaining and articu-

Zimvie_Zimmer Biomet v. Jackson
IPR2023-01432; Petitioners’ EX1007
Page 39 of 45



US 2010/0312287 Al

lating structure 228, 1o prevent the striscture 228 from pass-
ing from the cavity 1788 and out into the lower exterior 1 8613
of the receiver 201 when the retaining and articulating struc-
ture 228 iz seated on the seating surface 1828, It is foreseen
that the retaining and aiculating strocture could be com-
pressible (such as where such structure has a missing section)
and could be up-loaded through the neck 1838 and then
allowed 1o expand and fully seat in the spherical seating
surface 1828. It is further noted that a retaining and articu-
lating structure may or may not articulate with respect 1o the
receiver, but rther be in o colket or ring shape that is fixed or
stationary with respect o the receiver and articulates with
respect to the shank.

[0154]  Inthe embodiment shown, the retaining and articu-
lating structure 221 has an operational central axis that is the
same as the elongate axis BR associated with the shank 148.
The retaining and articulating structure 228 has a central bore
19013 that passes entirely through the structure 228 from a top
surfice 1928 10 a bonom surface 1948 thereof. An inner
cylindrical surface defines a subsiantial portion of the bore
1908 and has a helically wound guide and advancement
structure thercon as shown by a v-shaped helical rib or thread
1981 extending from adjocent the top surface 1928 1o near
the battom surfsee 1948, Allough a simple helical nb 19813
is shown in the drwings, it 18 foreseen that other helical
structures including other types of threads, such as buttness,
square and reverse angle threads, and non threads, such as
helically wound Nanges with interlocking surfaces, moy be
alternatively used in an allermative embodiment of the present
invention. Also, non-helical spline capture designs could be
wsed, The inner thread 1988 s configured 1o mate under
rotation with the capiure structure outer surface guide and
advancement structure or thread 1368,

[0155]  The illustrated retaining and ariculating structure
221 has a radially outer partially spherically shaped surface
2008 sired and shaped 10 mate with the partial sphencally
shaped seating surfoce 1828 of the recerver and having a
radius approximately equal to the radivs associated with the
surface 1821, The retaining and articulating strocture mds
is larger than the radius of the neck 1838 of the receiver 208,
Although not required, it is foreseen that the outer pantially
sphierically shaped surface 2008 may be a high friction sur-
face such as a knurled surface, a shot-pinging surface, sand-
hlasted surface or the like.

[0156]  Withreference to FIGS, 37 and 39, the closure struc-
ture MB can be any of a variety of different tyvpes of closure
structures for use in conjunction with the present invention
with suitahle mating structure on the upstanding arms 15213
of the receiver 208, The ¢losure structure 308 is rotatable
between the spoced amms 152B. It is foreseen the closure
structure could be slidingly side-loading. The illustrated
structure closure structure 308 is substantially cylindrical
and includes an outer helically wound guide and advance-
ment structure in the form of a fange form 2306, The illus-
irated guide and advancement siructure 25083 operably joins
with the guide and advancement struciure 1628 disposed on
the interior of the arms 1528, The guide and advancement
structure 2508 utilized in accordance with the present imven-
tion may lake the forms desenbed in Applicant’s U.S, Pat. No.
6,726,689, which is incorporated herein by reference, It s
also foreseen that according to the invemtion e guide and
advancement structure 2508 could altermatively be a buttress
thread, a square head, a reverse angle thread or other thread
like or non-thread-like helically wound sdvancement struc-
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tire for opembly guiding under nvation and advancing the
closure structure 308 downwand between the arms 1528 and
having such a nature as to resist splaying of the arms 1528
when the chosure structure 308 is advanced into the U-shaped
channel 1568, Again, the closure could be a side-loading
wedge-like structure with a radiused bottom,

[M15T] The closure strsctaore 30B includes a lower substan-
tially planar surfsce 2568, The surfoce 2568 [rictionally
engages both the coil-like member 4B and o surfsce TOB or
TTE of a respective support 88 or 98 when rotated between
the arms 1528 and fully mated with the receiver 208. The
¢losure structure 308 has a top surface 26008 having an inter-
nal drive in the form of an aperture 2620, illustrated as a
hex-shaped inmer drive. A daving toal (not shown) sized and
shaped for engagement with the internal drive 26218 is used
for both rotatable engagement and, if needed, disengagement,
of the closure 308 from the amms 1528, Although a hex-
shaped intemal drive 2628 is shown in the drawings, the 1ol
engagement siructure may ke a vanely of wol-engaging
forms and may include but is not limited 1o a star-shaped
internal drive, for example, sold under the trademark TORX,
or more than one aperture of various shapes. 1t is also foreseen
that the closure structure B may alternatively include a
break-ofT head desigined 1o allow such o head to break from a
base of the closure at a presebected worgue, for example, 8010
140 inch pounds. Such a closure strocture would also include
a base having an internal drive to be used for closune removal.
[0158] Duwring installation, the lower surface 2568 engages
both the coil-like member 48 and the projections 128 or 138
ol a respective support 8B or 93 of the connecting assembly
1B. The closure structure 308 15 rotted, using a ool engoged
with the inner drive 2628 uniil a selected pressure is reached
al which point the longitsdina] connecting assembly 1B is
urged toward, but not completely to the lower seat 1588 of the
channel 1561. In tam, the coil-like member 48 and cooper-
aling suppor 813 or 9B press dirsctly against the upper surface
1428 of the shank 148, The pressure placed on the assembly
18 by the closure structure 308 is sufficient 1o clamp the
member 413 between the structure 308 and the shank 1453, bat
il flexible coil-like member 48 is not crushed or otherwise
deformed beeause of the support provided by the projeetion
1213 or 138, with such projection directly resisting the clamp-
ing pressure as the projeciion 12B or 138 is fhash with an
outer surface of the coil-like member 41,

[0159]  In use, prior to the polvaxial bone screw assembly
108 being implanted in a vertebra, the retaining and artico-
lating structure 228 is vpically first inserted or top-loaded,
into the receiver [l-shaped channel 1568, and then into the
cavity 1788 1o dispose the structure 22B adjacent the inner
senting surface 1828 of the receiver 20B. The shank capture
strueture 181 is preloaded, inserted or bottom-loaded into the
receiver 208 at the neck bore 1838, The retaining and articu-
laming structure 228, now disposed in the receiver 208 is
coaxially aligned with the shank capture structure 188 so that
ihe helical v-shaped thresd 1368 rotatingly mates with the
thresd 19813 of the retaining and articulating structure 221,
The shank 148 and/or the retaining and articulating structure
221 are rotated to fully mate the structures 1368 and 1981,
fixing the capture structure 188 1o the relaining and aricu-
lating structure 2213, At this time the shank 1418 s in slidable
and rotatable engagement with respect 1o the receiver 208,
while the retaining and aniculating strecture 228 and the
lower aperture or neck 1838 of the receiver 208 cooperate 1o
maintain the shank body 168 in rotational relation with the
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recerver 208, The shank bodv 168 in be rotated through
substantial angular rotation relative 10 the receiver 208, both
from side to side and from front 1o fear 50 as to substantially
provide a universal or ball joint wherein the angle of rotation
15 only restricted by engagement of the neck 1268 of the
shank body 168 with the neck 1838 of the receiver 208,
[0160]  The assembly 108 is then typically screwed into a
vertehra by rotation of the shank 148 using a driving tool (not
shown) with o socket that operably dives and rottes the
shank 148 by engagement thereof with the shank o the wol
engagemenl struclure 1408, It is foreseen that in other
embodiments acconding to the invention, the hex-shaped
driving formation 1408 may be replaced by other types of
outer or inner ool engaging formations or recesses. The
retaining. structure and the shank may also be crimped
togeiher so as 1o nol come apart with rotation or a one-way
unbocking thread form could be used.

[0161] At least two and up to a plurality of bone screw
assemblies 108 are implanted into vertebrae for use with the
longitudinal connecting member assembly 1B, Each veriebra
may be pre-drilled to minimize stressing the bone, Furber-
mare, when minimally invasive surgical techniques arne fiol-
lowed and a canmulated bone screw shank 15 utilized, each
veriehra will have a guide wire or pin (noi shown) inseried
therein that is shaped for the bone screw cannula 1448 of the
bone screw shank and provides a guide for the placement and
angle of the shank 148 with respect to the vertebra. A further
tap hole may be made and the shank body 168 is then driven
inte the vertebm by naation of the doving ool (mot shown),
[0162] With particular reference to FIG. 37, the longinudi-
nal connecting member assembly 1B is assembled by insen-
ing the core 68 into the bore 668 defined by the inner cylin-
drical surface 558 of the coil-like member 4B, The end 4418
of the core 61 is placed into the open end 691 of the coil-like
menmber 4183 and the member 48 is moved i an axial direction
AR ioward the fixed suppori 8B, When the suppori 88 abuts
the end 691, the coil-like member 413 is rotated with respect
to the core 68, with the projection 12B extending into the slit
728 and the coil-like member 4B winding about the projec-
tion 12B. Botation of the coil-like member 413 with respect to
the core 63 is contineed until the fixed support 8B iz at a
desired location and the core 63 s substantially received
within thecoil -like member 48 along an entire length thereof
The location 428 of the support 88 along the core 68 corre-
sponds 10 o lecation of a bone screw assembly 108 that has
been implanted. An adjustable support 98 is then insered
onto the core 63 at either end 448 or 458, depending upon the
relative bocation of a second bone screw assembly 108 that
has been implinted. The adjustable support 98 slidingly
mounts on the core 68 and is then rotated such that the
projection 138 is guided into the shit 728 and wound ihere-
throwgh, with the outer surface TTB flush with the outer
surface 628 of the coil-like member 4B. The support 9B is
rotated until the support is at a distance from the support 813
that corresponds 1o a distanee between two implanted bone
serew assemblies 108, 11 the assembly 1B is 1o be connected
o more than two bone screw assemblies 108, additional
supports 98 are mounted on the core 68 and rotated within
the coil-like member 4H insimilar fashion. A tool (not shown)
sized and shaped o engage the suppont 9B within the bore
6603 1= utihzed to rotate the suppors 93,

[0163] The connecting member aszembly 18 is evenmally
positioned within the U-shaped channels 1568 of two or more
bone screw assemblics 108 with the supponts 8B and 98
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lecated within the recevers 208, The closure structure 308 is
ien insened ino and advanced between the arms 1528, As
ihee closure structure 308 iz rotated between the ams 1528,
e surface 2568 makes contact with the coil-like member 45
outer surfisce 628 and either the outer surface 761 of the
projection 121 or the oaner surface 778 of the projection 138
uniformly pressing the assembly 1B against the shank top
surface 1428, pressing the retaining and anticulating structure
outer surfpee 2008 against the seating surface 1828 1o set the
angle ofarticulation of the shank body 168 with respect to the
receiver 208, However, the supports 8B and 9B protect the
coil-like member 4B from being deformed and thus, a the
support 91, the core 68 renkains in sliding engagement with
ithe support 9B

[0164] If removal of the assembly 1B from any of the
assemblies 108 is necessary, or if it 15 desired 1o release the
assembly 18 at o particular location, disassembly is accom-
plished by using the closure driving ool {not shown) on the
closure strocture intermal drive 2628 10 rotme and remove the
closure structure 308 from the receiver 2088, Disassembly of
the assembly 108 is accomplished in reverse order 1o the
procedure descnbed previously herein for assembly. It is
forescen that the assembly could use fixed integral bone
anchors, such as screws and hooks.

[0165] With reference o FIGS. 40-42, a filth embodiment
of a dynamic longimdingl connecting member assembly
according 1o the invention, generally 1C, is substantially
identical to the assembly 1 illustrated in FIGES. 1-4, with the
exception that the stop 42 is reploced by o connecting member
having @ solid outer surface illustrated by o rod 420, In
particular, the assembly 1C includes an ower coil-like mem-
ber 4C and an inner solid eyvlindrcal core BC identical or
substantially similar to (e respective codl-like member 4 and
ihe inner core 8 of the connecting member assembly 1 previ-
ously described herein. Therefore details of the coil-like
member 4C and the inner core 8C will not be repented here.
[0166] The inmer core 8C is fixed or integral with a longi-
tudinal connecting member extension or solid rod 42C. The
rod 42C is integral or fixedly attached 1o the inner core 8C at
a firsi end 43C thereol. The rod 42C is substantially coaxial
with the inner core 8C and may be of any desired length,
measured from the end 43C 1o an opposite end 44C, for
attaching to one or more bone screw assemblics. The illus-
trated rodd 420 15 solid, but it is foreseen that it may be hollow.
The rod 42C has a circular cross section, but may alsoe be of
other shapes including rectangular, square, and other polygo-
nal and curved cross-sections. In the embodiment shown, the
rodd 420 includes a fat abutment surface 45C and an outer
cvlimdrical surfoce 46C, In the illustrated embodiment, the
evlimdricsl surface 46C hos an outer diameter then is approxi-
mately the same as an outer diameter of the coil-like member
4C allowing for attachment of the same size polvaxial bone
screw assembly 10 or 401, However, in certain embodiments,
it may be desirable 10 have a more fexible rod 42C that may
be of smaller diameter than the diameter of the coil-like
member 40, or in other instances, a slightly larger diameter,
stiffer rod, each requining a different sized bome screw
receiver or receiver components. It is noted that a vanety of
hook and bone serew assemblies may cooperate with the solid
roed surface 460, incleding, but not limited 1o the polvaxial
bofe screw assembly 108 described herein and also the bome
screw assembly described in detail in LS. Pat. No. 6,716,214,
incorporated by reference herein. The rod 420 is preferably
of a length for secure attachment to at least one bone screw
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wilh ol least one other cooperating bone serew assembly 10 or
401 being attached o the longituding] connecting member at
the coil-like member 4C, similar to what iz illustrated and
described herein with respect 1o the coil-like member 4 and
shown in FIGS, 5-T and 14-15. [fa patient requires more rigid
support along a substantial portion of the spine, the rod 42C
may be of a longer length 1o coopermie and attach with two or
more bone screws, each implanied on separate vertebm. Thus,
an assembly 1C according to the invention may be used to
provide protected movement of the spine along the coil-like
member 4C and spinal fusion along the length of the rod 42C.
It is foreseen that the rods 42C and BC could be curvilinear in
{15

[0167] Near the end 43C, the inner core 8C inchades a
cylindrical portion 48C of greater diameter than the remain-
ing cylindrical surface of the core 80, the portion 480 sized
and shaped 1o provide a frictional press it between the coil-
like member 4C and the inner core 8C at only the portion 480,
when the inner core 8C is fully received in the coil-like
member 4C, Thus, oilver than ai the portion 48C, the coil-like
member 407 is movable or slidable along the inner core 8C.
Otther structure may be used to attach the coil-like member 4C
1o the inner core 8C at only one location, such as the snap-on
fob 48 and cooperaling recess 68 of the assembly 1 previ-
ously described herein,

[0168] With reference 10 FIG. 43, a sixth embodiment of a
dynamic longitudinal connecting member assembly accord-
ing to the invention, generally 113, is substantially identical to
the mssembly 1A illustroted i FIGS, 10-13, with the excep-
thom that thee stop 424 has been replaced by a solid connecting
member or rod 420 [n particular, the assembly 10 includes
an outer coil-like member 40 and an inner solid cylindncal
core 81 having & helical thrend 90 ientical or substantially
similar o the respective coil-like member 4A, the inner core
#A and the thread 9.4 of the connecting member assembly 1A
previously desenbed herein. Therefore details of the coil-hike
member 40 and the inner threaded core 8D will oM be
repeated here. Again, the connecting members could be cur-
vilingar.

[0169] The inner core 813 i5 fixed or integral with a longi-
wdinal connecting member extension illusired as a solid
rod 420, The rod 4203 15 attached 1o the inner core 812 ot a first
end 4301 thereol. In the embodiment shown, the rod 4210 is
substantially coaxial with the inner core 80 and may be ol any
desired length, measured from the end 430 10 an opposite end
4400, for attaching to one or mone bone screw assemblics. The
illnstrated rod 4210 is solid, bat it is foreseen that it may be
hollow. The rod 421 has a circular cmss section, but may also
be of other shopes including rectangular, square, and other
polvgonal and/or curved cross-sections. In the embaodinent
shown, the rod 4210 includes a flat abutment surface 4500 and
an ouler eylindrical surface 460D, In the illustrated embodi-
ment, the cylindrical surfisce 4603 has an outer dinmeter that is
approximately the same as an outer diameter of the coil-like
member 403 allowing for atiachment of the same size
polvaxial bone screw assembly 10 or 401. However, in certain
embodiments, it may be desirable to have a more flexible rod
420 that may be of smaller dismeter than the diameter of the
conl-like member 40, or in other instances, a shghtly larger
diameter, stiffer rod, ench requinng a different sized bone
SCPEW PECeIVer OF receiver components, It is noled that a
variety of bome screw assemblics may cooperate with the
solid rod surfsce 4610, including. bot not limited 1o the
pobvaxial bone screw assembly 108 described herein and also
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e bone senew assenibly desenbed in detail in ULS. Pat. No.
6,716,214, incomparated by reference herein, The rod 421 is
preferably of a length for secure attachment 10 at least one
bone screw with at least one other cooperating bone screw
assembly 10 or 401 being attached 1o the longitudinal con-
necting member at the coil-like member 40, similar 1o what is
illustrated and described herein with respect 1o the coil-like
member 44 and shown, for example, in FIGS, 14-15 and 22.
If a patient requires more rigid support along a substantial
portion of the spine, the rod 4213 may be of a longer length 1o
cooperate and attech with two or more bone screws, each
implanted on separate veriebra. Thus, an assembly 1D
according to the invention may be nsed to provide protected
movement of the spine along the coil-like member 413 and
spinal fusion along the length of the rod 4210,

[0170]  With reference o FIG. 44, a seventh embodimrent of
adymmic longitudinal connecting member assembly accond-
ing to the invention, generally 1E, is substantially identical o
the assembly 1B illustrated in FIGS. 35-36, with the excep-
tion that & solid connecting member or rod 42 is integral or
otherwise lxed to an inner oylindrical core 6E. [n particular.
the assembly 1E includes an owter codl-like member 4E, the
inner core 61, and at least one threaded insen 95 receivable
on the core 6, identical or substantially similar o the respec-
tive coil-like member 48, the inner core 68 and the threaded
inserts 98 of the conmecting member assembly 18 previously
described herein. Therefore details of the coil-like member
4E, core 6F and insert 98 will not be repeated here. Although
not shown in FIG. 44, the core 8B may also include one or
mrore fixed threaded suppon similar or identical so the support
8B previously described herein with respect to the cone 68,
[0171] The inner core 6 is fixed or imtegral with a longi-
tudinal connecting member extension lustrated o a solid
ok 42F near an end 43E thereof, The rod 42E is substantally
coaxial with the inner cose 6F and may be of any desired
lemgth, measured from the end 43E 10 an opposite cd 44E,
for attsching 10 one or more bone screw assemblies. The
llustrated rod 42E is identical or substantially similsr o the
rods 42C and 42D described previously herein with the
respective assemblics 10 and 11,

[0172] Tt is to be understood that while certain forms of the
present invention have been illustrated and described herein,
it 15 not to be limited to the specific fonms or armangement of
paris described and shown.

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

L. A polyaxial bone sceew having a shank for implanting in
a bone, & receiver with a cavity thm operably receives an
upper portion of the shank and vpward extending arms form-
ing o channel therebetween adopled o receive a connecting
member, an upper pressure insert operably positioned over
the connecting member when the bone screw is fully
assembled and a elosure for closing the channe] between the
receiver arms; the pressure insert including a bower surface
shaped 1o receive and engage the connecting member and a
first of a bore and a propecting pin; the closure laving an outer
ning and an inner ring threadedly received in the outer ring:
the closure inner ring having a second of the bore and pro-
Jjectng pin; the bore being sieed and shapad 10 shdingly
receve the pin as the chosure i received in the receiver and
advanced wward the upper pressure insens the closure having
a final orientation wherein the closure engages amd urges the
upper pressure insert downwardly to frictionally engage the
connecting member.
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2, The serew according 1o claim 1 whenein the closure outer
ring has a lower inclined surfiece amd the pin is located on the
UPPEr PReEsiee inse.

3. The screw according 1o clom 2 including a lower pres-
suire insert opembly located in the receiver 30 &s to be al beast
partially between the shank and the connecting member afier
full assembly of the screw: the bower pressure insert having
upstanding sides that extend vpward so as to engage the
chosure outer ring as the closure advances into the receiver,
such that the lower pressure insent exens a downward force
against the shank 1o lock the shank in a fixed position relative
io the receiver in a locking configuration and the upper pres-
sure insert is vertically and slidably received between the
sides of the lower pressure insent.

4. A medical implant bone screw comprising:

a) a shank adapted 10 be implanied ina bone at a lower end

and having an upper end;

b} a receiver having a cavity that receives the shank upper
end: the receiver having a pair of upright arms forming a
channel therebetween adapled to receive a connecting
member;

¢} a first compression member having upright sides: ihe
first compression member being received in e receiver
50 as to be located above and in engagement with the
shank upper end:

d} a second compression member above the first compres-
sion member and positioned in the receiver so as to be
adapied io receive the connecting member between the
first amed secomd compression menber; amd

) aclosure having an outer ing and an inner ring; the outer
ring being securable to an inner side of the receiver
upright arms and operably engaging the first compres-
sion member upright sides, such that when the outer ring
is placed between the arms and downward force is
applivd o the closure ouler nng, the outer ring applies
denwvward force to the first compression Fing that in tum
applics downward force to the shank upper cnd so as to
lock the position of the shank relative (o the receiver; the
closure inner ang being threadably received in a bore in
the canter ring and, when advanced, applying a down-
ward force against the upper compression member thai
in turn is adapted to apply downward force 1o the con-
necting member so as 1o lock the connecting member in
position relative 1o the receiver.

5. A polyaxial bone screw having a shank for implanting in

a bone, a receiver with a cavity that operably receives an
upper portion of the shank and upward extending arms form-
ing a channel therebetween adapied 1o receive a connecting
member, a pressure insert operably positioned above and in
direct contact with an upper end of the shank and a closure for
closing the channel between the receiver arms; the closure
comprises an outer ring and an inner ring; the closure outer
ring. when advanced downwardly relative 1o the channel,
directly applying a downward force to the pressure insert (it
in turn applics a downward force directly to the shank upper
portion 0 a5 1o lock the position of the shank relative 1o the
receiver; the closure inner ring, when advanced downwandly
relative to the channel being adapted 1o transmit a downward
foree 10 the connecting member so as o lock the position of
the connecting member relative to the receiver.

6. The bome screw according to claim 5 wherein the pres-
sure inser is a first pressune insert and including:

a) a second pressure insert operably located between the

closure and above the first pressure insen with the clo-
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sure mner ring applying dewnward foree to the second
pressure insert that then is adapted 1o apply downward
force directly 1o the connecting member to lock the
position of the connccting member reltive 1o the
receiver.

7. In a medical implant assembly including at keast three
bone attachment structures and 2 longituding] conmecting
member, the improvement comprsing

a) o first flexible longitedinal connecting member portion
having a longitudinal axis, an inner core and an outer
coil-like member;, and

b} & second longitudingl connecting member portion inte-
gral with the mner core and extending along the axis
awiry from the outer coil-like member.

8. The improvement of claim 7 wherein

a) the cylindrical core has a first end; and

b the outer coil-like member has an intemal swbstantally
cylindrical surfisce, an external substantially evlindrical
surfaceand a second end, the outer member aiachable o
the first end of the evlindrical core only near the second
end, the outer member further defining a helical slit
extending through the internal surface and the extemal
surface and extending along a subsiantial lengih of the
outer member, the cyvlindrical core receivable in the
outer member adjacent to the intemal surface amd
extending along a substantial length of the outer mem-
ber, the owler member being in shiding engagenment with
the eylindrical core in a direction along the axis aml
torsbonally when the first end is fined relative o the
second end and the extemal surface is attached wat Jeast
one of the bone attachment strociures.

2. The improvement of claim 7 wherein the second longi-

tudinal connecting membser is a solid rod.
10. In a medical implant assembly including at least two
bone attachment structures, the improvement comprising:
a) o longiedinal connecting member having
i} acylindrical core with an axis, o thread and o first end;
aned

ii} an outer coil-like member having a second end, the
outer coil-like member fixed to the evlindrical core
only near the secomd end, the oylindrical core and the
thiresdd being receivable in the coil-hke member along
a substantial length thereof with o1 lenst a substantial
portion of the thread being spaced from the eoil-like
member, the coil-like member being in sliding
engagement with the core in botha direction along the
axis and worsionally when the first end is fixed with
respect o the second end.

11. The improvement of claim 10 further comprising:

a) first and second compression members disposed in each
of the bose attachment structures, each compression
member having an inner surface sized and shaped for
frictional engagement with the outer coil-like member,
the frst and second compression members cooperating
to clamp only the owter ¢oil-like member 1o the bone
attachment structure with the cylindrical core and thread
remaining slidable with respect to the outer coil-like
member.

12, The improvement of claim 10 wherein the first end is
fisedly attached near the second end by at least one of o press
fit engagement between a portion of the core and the coil-like
member and a press fit between a portion of the thread and the
coil-like member.
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13, In a medical implant assembly including al beast two
bone attachment siructures and a longitedinal connecting
member, the improvement wherein the conpecting member
further comprises:

o) ad eloagate oo,

b} a first support structure ateched in fixed relation 1o the
core, the suppon structure having a first helical projec-
lion;

¢} an elonge outer flexible member having an inner pas-
sage, an ouer surfce amd o belical slin, the shit extending
alomg o length of the member and from the mner passage
through the outer surface, the core receivable in the
passage with the first helical projection being slidably
reccivable in the slit and extendible therethrough: and

d) at least one second support struciure having a second
helical projection, the second support structure slidable
with respect 1o the core, the second helical projection
slidably receivable in the slit and extendible thene-
throangh,

14, The improvensent of ¢laim 13 wherein the core s an
end and a mid-portion and the first suppor struchere is located
at the end.

15. The improvement of claim 13 wherein the core has an
end and a mid-portion and the first suppen structure is located
al the mid-portion.

16, The: improvemient of ¢laim 13 wherein the core 15 made
from a first material and the fexible member is made from a
sepond material.

17. The improvement of claim 13 wherein the fexible
member is substantially made from metal and the core is
substantially a plastic.

18. The improvement of claim 13 wherein each bone
attachment structure has an open receiver for receiving the
longitudinal connecting member and a shank, the shank hay-
ifig a surfsce ahered by o1 least one of

a) @ surface roughening treatment; and

b} a coating 1o provide a bioactive interfoce between the
bone attachment structure and a verichra.

19. The improvement of claim 13 wherein each bone
attachment structure has an open receiver for recaiving the
longitdinal connecting member and a cannulated shank.

20. A medical implant assembly comprising:

a) a closure including an outer fastener and an inner fas-
tlener: wherein:

b) the outer fastener mcludes a base with a first outer
surface having a first outer guide and advancement
structune thereos, an inner bore having an internal guide
amd advancement structure thereon, and a bottom sur-
fvrce joining the first outer surface and the inner bore;

¢} the inner fastener is located within the inner bore and
includes a secomd outer surfisce having a second outer
guide and advaseement structure thereon, the second
outer guide and advancement structure being sised and
shaped so as 1o rotatingly mate with the intemal guide
and advancement structure, and a lower surface portion
with a centrally located lower through-bore located
therein; and

d) the bore being sized and shaped o slidingly recenve an
upweard projecting pin located on a pressure insert posi-
ticned beneath the closure to allow the closure io rotate
while holding the insert in position laterally.

21. The assembly of claim 20, wherein the pin includes a

pair of reversibly deformable flanged arms adapted to slid-
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mgly, but [nctionally engoge an inner surface of the inner
fastener lower surface portion.

22. The assembly of claim 20, wherein the bottom surface
iz inclined and is outwardly and upwardly sloped.

23, The assembly of chxim 20, further comprising the upper
compression structure incluchng:

a)the pin that extends upwardly and i= pin sived and shaped
1o engage e inner fastener lower through-bore; and

b) a pair of downwardly extending leg portions joined by a
bower U-shaped surface so as to be adapted to engage
and partially encirche the connecting member.

24, The assembly of ¢laim 23, wherein the upper compres-
sion structure is adapted 1o be received within a bone screw
POCCIVET.

15. The assembly of claim 23, wherein the upper compres-
spon strictine meludes a substantially planar top surface, and
the engagement pin incledes a base joined with o central
poetion of the top surface.

26. The assembly of claim 25, whercin the top surface is
adapted 1o engage the inner fastener lower surface portion.

27. The assembly of clim 23, wherein the engagement pin
includes o pair of eversibly deformable Manged arms.

8. The assembly of claim 23, wherein the U-shaped sur-
face is adapted for substantial non-compression of the longi-
tudinal connecting member assembly.

29, The assembly of claim 20, incleding a kower compres-
shon insert,

30, The assembly of claim 29, wherein during assembly the
upper compression structure receives a downward force from
e inner Bestener amd the lower compression inserl receives a
doarrward force from the outer fastener.

31. The sssembly of claim 29, wherein the lower compres-
shon insen comprises:

a)a pair of upstanding arms positioned o engage the outer

fastener; and

b} a U-shaped upper channel located between the arms, the
upper channel being sized and shaped so as to receive the
connecting membser thenein.

32 The assembly of claim 31, wherein the upsianding arms
are also sized and positioned 0 mstingly receive ot least a
portion of the upper compression struciure therehbeiween.

33. The assembly of claim 32, wherein the outer fastencr
has a lower inclined surface and each of the amms includes a
flanged portion with an inclined surface sdapted 1o coopera-
tively frictionally engage the outer fastener inclined surface,
50 a5 o receive a downward force from the outer fastener.

34, The assembly of claim 23, wherein the lower compres-
sion structure further inchsdes a lower curving partially
spherical engagement surface adapied for engagement of a
bone screw shank.

15, The assembly of claim 23, including the lenginsdinal
connecting member bocated between the upper and bower
compression inserts when the assembly is fully assembled.

36, A medical implant assembly comprising:

a)an outer fastener with a first outer surfisee having a first
outer guide and advancement structure thereon, an inner
bore hoving an mtermal guide and sdvancement struciune
thereom, and a botiom inclined surface joining the first
outer surface amd the inner borne;

b) an inner fastener located within the inner bore and
incluching a second outer surface having a secomd outer
guide and advancement structure thereon, the secomd
outer guide and advancement structure being sized and
shaped so as to rotatingly mate with the internal guide
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and advancement strscture, and a lower surface portion
with a centrally located lower through-bore located
therein;
€] an upper compression structure with an upwardly
extending engagement pin sized and shaped to engage
the inmer fastener lower through-bore, amd a pair of
downwardly extending portions jeincd by a lower
U-shaped surfrce; and

d} a bwer compression structuge with a pair of upstanding
arms mdapted o receive the upper compression siruclure
therchetween, wherein each upstanding arm has an
upper end with an inclined surface adapted 1o coopera-
tively and frictionally engage the outer fasiener botiom
inclined surface so as to receive a downward force from
the outer fastener, and a U-shaped upper channel located
between the arms and adapted as to receive the upper
compression sireciure therein,

37. The assembly of claim 36, further comprising a
polvaxial bone screw with a receiver having a U-shaped chan-
ned adaped W receivie the upper and lower compression struc-
tures and the fasteners.
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18. The sssembly of ¢laim 37, whereimn the lower compres-
sion insert is adapied o lock the polyaxial bone shank relative
1o receiver upon receipt of the downward force from the outer
fastemer.

39, The assembly of claim 38, further comprising the lon-
gitudinal connecting member adapted to be received in the
bone screw U-shaped channel. 5o as io be located beiween the
upper and lower compression striciunes,

40, A bone screw issembly comprising o shank polyaxially
received in an on locked conliguration in a receiver, a kower
pressure inser, an upper pressure insert and a closure; the
receiver having a channel sized and shaped o be adapied to
receve a connecting member with the lower pressure insert
and upper pressure insert being located above and below the
cennecting member respectfully when the assembly is Tully
assembled: the upper pressure insert being vertically slid-
ingly received in the lower pressure inseri.

41. The sssembly according 10 claim 40 wherein the cho-
sure has an inner ring and an owler dng: (he inner ring oper-
ably engaging and applying pressure to the upper pressun:
insert and the outer ring operably engaging and applying
pressure io ihe upper insert in a locking conligumiion.
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