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57 ABSTRACT

A mesdical implant assembly iwcluding a receiver and a plug.
The receiver can be configured with first and second arms
having helically wound thread extending up o a top surface
thereof. The plug being at least partially threadably posi-
tioned within the channel. The plug having an axis of
roftation and a continwously helically wound thresd form.
The continwously helically wound thread form having a stast
structure and an upper surface extending between a root and
a erest of the contimueusly helically wound thresd form. The
star structure hoving o lesding face extending below the
upper surface. The leading face including a panial concave
surface adjacemt the rool amd a partial convex surface
adjacent the crest, The partial concave and panial convex
surfaces each defined by a radivs of curvature that can be
substantially equal with respect to cach other.
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1
MEMCAL IMPLANT THREADED PLUCG
HAVING A START STRUCTURE WITH
SYMMETRICALLY SHAPED CONCAVE AND
CONVEX LEADING SURFACES

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is a continuation of UL, patent
application Ser. No, 16779304, filed Jan. 31, 2020, which
is a continuation of LS. patent application Ser. No. 15/064,
502, filed Apr. 27, 2018, now LLS. Pat. No. 10,548,641,
which is a confineation of U.S. pateni application Ser. No,
15/469.076, filed Mar. 24, 20017, now LS. Pal. No. 9.956,
004, which is a continuation of U5, patent application Ser.
Mo, 14/566,356, filed Dec. 10, 2004, now LS. Pal. No.
9,636,146, which i o continuation of LS, patent application
Ser. Mo, 13/694,849, filed Jan, 10, 2013, now 1ULS, Pal. No,
HO11 479, issned Dec. 16, 2004, which claims the benefit of

U5, Provisional Application No. 61/631,746, filed Jan. 10, 2

2012 and ULS, Provisional Application No. 61/634,361, liled
Feb. 28, 2012, all of which are incorpomted by reference
berein for all purposes,

BACKGROUND OF THE INVENTION

The present invention is directed 1o structure for joining
together pads of o medical mplant, in particilar o ¢losire
mechanizms for use with open bone anchors in spimal
surgery, and in some embodiments thereof, for use with
spinal bone anchors such as polyaxial screws.

Bone anchors, such as bone serews and hooks are utilized
in mamy types of spinal surgery in onder to secure various
implants to vertehrae along the spinal column for the pur-
pose of stabilizing and'or adjusting spinal alignment. For
example, the most common mechanism for providing ver-
tebral support is 1o implant bone screws into certain bones
which then in tum suppon o rod or are supported by the mod,
Although both ¢losed-ended and open-ended bone anchors
are known, open-cnded anchors are particulashy well suited
for connections to longitudinal connecting members such as
hard, soft or deformable rods, dyvnamic or elastic conmectors
and connector arms, because suwch rods or other connector
members do not need to be passed through a closed bore, but
rather can be laid or urged into an open channel within a
receiver or head of such a bone anchor. Generally, the
anchors musi be inseried into the bone as an integral unit or
a preassembled unit, in the form of a shank or hook and
connected pivolal receiver. In some instances, a porion of
such a preassembled unit, suwch as a shank of a polyaxial
bone screw sssembly, may be independently implanted into
bone, followed by push- or pop-on assembly of a receiver
portion of the unit.

Typical open-ended bone screws include a threaded shank
with & head or receiver having a pair of parallel projecting
branches or arms which form a yoke with a U-shaped skt or
channel to receive a od or other longitudinal connecting
member. Hooks and other types of conneciors, as are used in
spinal fixation techniques, may also include similar open
emids for receiving rods or portions of other fixation and
stabilization structure. The open-ended head or rod receiver
portion of such implants typically includes a pair of spaced
arms forming & channeld closed by a closure member after the
rod or other longitudinal connecting member is placed in ihe
channel. Known closures include slide-on types, twist-on
varictics thai are rotated ninety degrees o a locked n
position, and a varicty of single start helically wound guide
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and advancement structures including, for example, thread
forms having v-thread, reversc-angle butiress or square
thread forms, 10 nome a few, as well as other non-threadlike
helically wound forms. Sometimes threaded plugs are uti-
lized with ower threaded muts o prevent splaving of the
reCCIver anmis.

As indicated above, the force reguired 1o press a closure
structure down onto a rod or other connector bocated
between arms of an open implant is considerable. Even
though a head or receiver portion of an open polyaxial bone
anchor may be pivoted in a direction 1o make it easier for the
ams of the open implant o receive a rod or other connector,
spinal misalignments, irregularitics and the placement of
other surgical 1ools make it difficult to plsce the rod or other
connector between the amms of the implant while o closure
structurg 15 mated with the open mmplant as well as used 10
push the rod or other conmector downwardly mto the
implant. For example, when the closure is a eylindrical plug
having a single start helically wound guide and advancement
structure, such structure must be aligned with mating struc-
tre on one of the implant amms and then roated umil a
portion of the strecture is captured by mating guide and
advancement structure on both arms of the implant, all the
while the closure is being pressed down on the rod while
other forces ane pushing and pulling the rod back out of the
implant. Integral or mono-axial open implants that canno be
pivoted 1o receive the rod are even more diflicull fe manipu-
late during the initial placement of the rod and initial mating
rotation of a closure plug between the spaced, open arms of
the implant. Therefore, extraordinary forces are placed on
the implant and closure plug while ihe surgeon either pushes
down on the md or pulls up on the bone to get the mod in
position beitween the implant amms and to initially push
down upon the rmod with the closure plug.

SUMMARY OF THE INVENTION

A closure structure, top or plug of the invention for
insertion between spaced arms of an open medical implant
includes one or more helically wound guide and advance-
ment features, cach feature huving a start surface or structure
locwed at or near a bortom surface of the closure plug. each
start structure simultancously engaging and being captured
by each of ihe spaced arms of the open implant upon initial
rofaticn of the closure structure with respect 1o the open
implant arms. According to an aspect of the inveniion, a
double-start closure is disclosed having two helically wound
forms thereon, each form having a start strocture for sinul-
taneously engaging o mating helical form on a respective
open implnt arm. Esch time the illustrted duel- or double-
start closure plug is rotated one tm (three hundred sixty
degrees) between the implant arms, the closure plug
advances axially into the implant and toward the rod by a
width of two helical forms. The helically wound forms of the
multi-start closure spiral around a cylimdrical plug body
thereof o an extent that the closune rotates over mmely
degrees io fully or substantially receive the entire closure
plug between the arms of the open implant. The illustrated
closure iz sized for at least one complete rotation (three
hundred sixty degrees) of the plug with respect 1o the open
implant 1o substantially receive the plug between the implant
arms, Multi-stan closures of the invention may have two or
more coarse or fine helical forms, resuliing in fewer or
greater forms per axial distance spiraling about the closure
plug body and thus resulting in plugs that rotate less (when
miore coarse) or more (when thin or fine) than one complete
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rofation to be fully received between the implant arms,
typically, at least a ninety-one degree rotation is prefierred.

An illustrated multi-start closure and mating open implant
is m the form of non-thresded, interlocking flange fomms.
Also disclosed are multi-start ¢losure structures provided
with helically wound forms of other geometry, including,
but not limited 1o helically wound threads such as reverse
angle, buttress, square and v-threads. The multi-start closure
may be cannulated for minimally invasive surgical applica-
lions.

Another illusirated mulii-siart closure embodiment of the
invention is shown with a bone screw assembly having an
open receiver with a pair of opposed arms, cach arm having
guide and advancement structure for simultancous mating
engagement with a stard of the helically wound mult-star
closure. A funber embodiment acconding 1o the invention
imeludes an open bone anchor receiver having integral
upwardly extending break-ofl tabs that also have the guide
and advancement structure for mating with the multi-start

closure. A further embodiment includes an attachable/de- 2

tachable guide wol cooperating with such o multi-sturt open
receiver, the tool having inoer guide and advancement
structures located near o boltom thereol for rotatably and
matingly receiving the multi-start closure ad being syn-

chronized with the receiver guide and advancement structure 2

for rotating and driving the multi-start closure downward
from the guide 100l 1o the receiver.

Objects of the invention further include providing appa-
ratus and methods that are easy to use and especially adapied
for the intended wse thereof and wherein the tools are
comparatively inexpensive to produce. (ther objects and
advantages of ihis invention will become apparent from ihe
following description taken in conjunction with the accoms-
panying drawings wherein are set forth, by way of illusira-
tion and example, certain embodiments of this invention.

The drawings constitute a pari of this specification and
include exemplary embodiments of the present invention
and illustrate varous obpects and features thereoll

BRIEF DESCRIFTION OF THE DRAWIMNGE

FIG. 1 is a perspective view of an embodiment of @
multi-start closure according 1o the mvention.

FIG. 2 is another perspective view of the mult-start
closure of FIG. 1.

FIG. 3 15 a front elevational view of the closure of FIG,
1 shown with a portion of a receiver of a polvaxial bone
screw according to FIG. 8, the receiver shown in partial front
elevation with portions broken away 1o show the detal
thereof, and further showing o rod being pressed upon by the
closure, the rod alse in partial front elevation with portions
broken away o show ihe detail thereol,

FIG. 4 is a reduced top plan view of the closure of FIG,
1.

FIG. 5§ is a reduced bottom plan view of the closure of
FIG. 1.

FIG. 6 is an enlarged front elevational view of the closure
of FIG. 1 with portions broken away 1o show the detadl
thereof.

FIG. 7 is a reduced cross-sectional view taken along the
line 7-7 of FIG. 6.

FIG. 8 a pantial front elevational view of an open bone
serew assembly, with portions broken away 10 show the
detail ihereof, including o receiver, a shank, a compression
insert and also showmn in engagement with the closure top of
FIG. 1 {in reduced view) and a longitudinal connecting
member in the form of a hard rod.
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FIG. 9 is a from elevational view of an alternative closure
of an embodiment of the invention, similar o e closure of
FIG. 1, but including a break-ofl' head, the aliernative
closure shown with o porion of & receiver of the polvaxial
bone screw of FIG, 8 shown in enlarged and parial front
clevation with portions broken away to show the detail
theneof, and further showing a rod being pressed upon by the
alternative closure, the mod also in partial front elevation
wilh portions broken away to show the detail thereof.

FIGE, 10 is another front elevational view of the ¢losure of
FIG. 9 with portions broken away 1o show the detail thereof.

FIG. 11 is a front clevational view of an alternative
square-thread closure of an embodiment of the invention
with portions broken away o show the detal thereof, the
closure shown with a portion of o receiver of the polvaxial
bone serew of FIG, 8 shown in enlarged and pantial front
elevation with portions broken away to show the detail
thereod, and further showing a rod being pressed upon by the
alternative closure, the rod also in partial front elevation
with portions broken away to show the detail thereof.

FIG. 12 15 a front elevanonal view of an allernative
reverse angle closure of an embodiment of the invention
with portions broken away to show the detail thereof, the
closure shown with a portion of a receiver of the polyaxial
bone serew of FIG. 8 shown in enlarged and partial front
clevation with portions broken away to show the detail
thereof, and further showing a rod being pressed upon by the
altermative closire, the md also in partial front elevation
wilh portions broken away to show the detal thereof.

FIGi. 13 is a front clevational view of an alternative
w-thread closure embodiment of the invention with portions
broken away to show the detail thereof, the elosure shown
with o portion of a receiver of the polvaxial bone screw of
FICi. 8 shown in enlarged and partial from elevation with
portions broken away to show the detail thereof, and furher
showing a rod being pressed upon by the alternative closure,
the rod also in partial front elevation with portions broken
away 1o show the detail thereof,

FIG, 14 is a front elevational view of an allernative
butiress-thread closure embodiment of ihe invention with
portions broken away to show the detail thereof, the closure
shown with a portion of a receiver of the polvaxial bone
screw of FIG. 8 shown in enlarged and partial front elevation
with portions broken away to show the detail thereof, and
further showing a rod being pressed upon by the aliernative
closure, the rod also in partial fromt elevation with portions
broken away o show the detail thereof.

FIG. 15 is a partial front clevational view of an embodi-
ment of @ mult-stant open bone anchor recever of an
embodiment of the invention with portions broken away 1o
show the detadl thereol, the receiver including break-ofl tabs.

FIG, 16 is an enlarged and partial from elevational view
of the receiver of FIG. 15 with portions broken away to slhow
the detail thereof.

FIG. 17 iz a partial front elevational view of an embaodi-
ment of a bone amchor receiver having a guide and advance-
ment structure ot matingly cooperates with the multi-start
¢losure of FIG., 1. also shown in front elevation, the receiver
having portions broken away to show the detail thereof, and
further shown with a guide tool, shown in phantom, the
puide ool having a multi-start guide and advancement
struciure receiving inner surface synchronized with the bone
achor receiver guide and advancement structure,

FIG. 18 15 an exploded perspective view of the polyaxial
bone screw assembly of FIG. 8.

FIG. 19 35 an enlarged perspective view of the receiver of
FICi. 18.

Zimvie_Zimmer Biomet v. Jackson
IPR2023-01432; Petitioners’ EX1011
Page 25 of 37



USs 11,129,646 B2

5

FIG. 20 is a top plan view of the receiver of FIG. 19.

FIG. 21 is a bottom plan view of the receiver of FIG. 19,

FIG. 22 is a side elevational view of the receiver of FIG.
19.
FIG. 23 is an enlarged cross-sectional view taken along
the line 23-23 of FIG. 20.

FIG. 24 is an enlanged cross-sectional view taken along
the line 24-24 of FIG. 22,

FIG. 25 15 an enlanged cross-sectional view taken along
the line 25-25 of FIG. 20,

FIG. 26 is an enlanged perspectivie view of the retaner of
FIi. 18,

FIGi. 27 is a top plan view of the retainer of FIG. 16.

FIG. 28 is a botom plan view of the retminer of FIG. 26,

FIG. 29 15 an enlarged cross-sectional view taken along
the line 29-29 of FIG. 27,

FIGE. 30 is an enlarged perspective view of the compres-
sion insert of FIG. 18,

FIGi. 31 is another perspective view of the insert of FIG.
0.

FIG. 32 is a wp plan view of the insert of FIG. 30,

FIG. 33 is a botiom plan view of the insen of FIG, 30,

FIG. 34 is a reduced side elevational view of the insert of
FIGi, 30,

FIG. 35 is an enlarged cross-sectional view taken along
the line 35-35 of FIG. 32,

FIG. 36 15 an enlarged cross-sectional view taken along
the line 36-36 of FIG. 32,

FIG. 37 is an enlarged front elevational view of the
recciver and retainer of FIG. 18 with portions of the receiver
broken away to show the detail thereof and shown in an
early stage of assembly with the retainer.

FIG. 38 is a front elevational view with portions broken
away of the receiver and retainer, similar to F1G. 37, further
showing the retainer and also the compression insert of FIG.
18 ina bater stage of assembly, the compression insert shown
in side elevation.

FIG. 39 iz o reduced front elevational view with partions
broken away, similar 10 FIG, 38, showing the inserl in a
stage of being rotated into a desired position within the
TeCCIver.

FIG. 40 1= 2 reduced front elevational view with portions
broken away, similar 1o FIG. 39 showing the insert being
riated into the desired position.

FIG. 41 is an enlarged and pariial perspeciive view of ihe
assembly as shown in FIG. 40, further showing portions of
the receiver pressed or erimped toward the insert to prohibit
farther rotation of the insert with respect to the recciver.

FIG. 42 15 an enlarged and partial, parally exploded froat
elevational view of the shank of FIG. 18 and also e
recerver, retomer and compression mserd of FIG., 18 as
assembled as in FIG. 32, with ponions broken away 1o show
the detail thereof, the shank being shown implanted in a
viertebra, shown in phantom, as the shank may be assembled
with the roceiver cither before or after implantation.

FIG. 43 15 a partial front elevational view, similar 1o FIG.
42, with portions broken away 1o show the detanl thereof and
showing the shank in a stage of assembly with ihe retainer.

FIG. 44 iz an enlarged partial front elevational view,
similar to FIG. 43, with pertions broken away to show the
detail thereol and showing the shank in a subsequent stage
of assembly with the retainer wherein the retainer is at
maximum expansion with the receiver cavity,

FIG. 45 is a reduced and parial front elevational view,
similar 1o FIG. 44, with portions broken away (o show he
detail thereof wherein the shank is fully assembled with the
retaimer.
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FI(i. 46 is a partial front elevational view, similar to FIG.
45, with portions broken away to show the detail thereof and
showing the retainer dropped down 0 o seated position
within the receiver.

FIG, 47 iz an enlarged and partial from elevational view
with portions broken away, similar to FIG. 46 and funher
showing the insert afier being pressed downwardly into
friction fit engagement with the shank.

FICE. 48 i an enlarged and partial from elevational view
with portions broken away of the assembly of FIG, 18,
shown with the closure top partially sssembled as also
shown in FI1G. 3,

FIG, 49 is an enlarged and partial front elevational view
with portions broken wway, similar to FIG. 48 and further
showing the closure fully assemblid between anms of the
MECEIVEr.

FIG. 50 a reduced and partial from elevationa] view with
portions broken away of the assembly of FIG, 49, bt with
the rod and closure top thereol removed and replaced with
an altemative deformable rod and an altemative multi-start
closure of the invention, the insert remaining locked against
the receiver and thus keeping the shank locked in place
during remioval and replacement of the rod and ¢losure top.

FIG. 51 is o reduced and partial perspective view of the
aszembly of FIG. 49,

FIGi. 52 is a partial perspective view, similar to FIG. 51,
but showing the shank disposed at an cighteen degree angle
{cephalic) with respect 1o the receiver.

FIG. 53 is a partial perspective view, similar 1o FIG. 52,
but showing the shank disposed at an eighteen degree angle
(caudal) with respect to the receiver.

FIG. 54 is a partial perspective view, similar to FIG, 53,
but showing the shank disposed at an eighteen degree angle
(lateral) with respect 1o the receiver.

FIG, 55 is a partial perspective view, similar to FIG. 54,
but showing the shank disposed at a forty-two degree
(mexdial) by cight degree (cephalic) angle with respect to the
ECEIVET,

FIG, 56 i= a partial perspective view, similar 1o FIG. 55,
but showing the shank disposed st a fory-two degree
(medial) angle with respect 1 the receiver.

FIG. 57 is a partial perspective view, similar to FIG. 56,
but showing the shank disposed o a forty-two degree
(medial) by eight degree (caudal) anghe with respect to the
receiver.

FIG. 58 i1z an enlarped fromt elevational view of the
assembly of FICG. 57 with poriions broken away 1o show the
detail thereof.

DETAILED DESCRIFTION OF THE
[NVENTION

As required, detailed embodiments of the present inven-
tion are disclosed herein; however, it is 1o be understood that
the disclosed embodiments are merely exemplary of the
mmvention, which may be embodied in varjous forms. There-
fore, specific structural and fusctional details disclosed
herein are net o be interpreted as limiting. but merely as a
basis for the claims and as a representative basis for teaching
one skilled in the art W varously employ the present
mvention in virlually any appropristely detailed strocture. It
is alse noted that any reference to the woends 1op. botiom, up
ad down, and the ke, in this application refers 1o (he
alignment shown in ihe varous drawings, as well as ihe
normal connotations applied 10 such devices, and 15 not
mtended to restnict positioning of the bone atiachment
struciures in actual use.
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Furthermaore, the terms lead, piteh and start, as such terms
are used to describe helically wound guide and advancenient
structures, are to be undersiood as follows: Lead is a
distance along the axis of a closure plug that 13 covered by
one complete rotation (360 degrees) of the closure plug with
respect to a mating open implant. Pitch is the distance from
aerest (or ower point or location) of one guide and sdvance-
menl structure form to the next. For example in a single-stan
thiread-form, such o a singhe stan, helically worind v-thread
closure plug, kead and pitch are the same. Single stan means
that there iz only one Adge of helically wound form wrapped
around a cylindrical core. or in the case of the present
invention, wrapped around a cylindrical closure plug body
aned thus there 15 only one stan structure or surface at a base
or forward end of the closure body that initially engages o
mating structure on the open implant. Each time a single
start closure rotates one furn (360 degrees), the closure has
advanced axially by a width of one ridge or one helical form.
Double-start means that there are two ridges or forms

wrapped around a core body and thus there are two starting 2

surfoces or structures on the closure plug. Therefore, each
time a double-stan body motates one wum (360 degrees), such
a body has advanced axially by a width of two ridges or
forms. Multi-stant means that there are at least two and may
be up 1o three or more of such ridges or forms wrapped
around a core body.

With reference 1o FIGS. 1-8 and 18-58, and in particular
1 FIGS. B and 18, the reference number 1 generally repre-
semls an open implant in the form of o polvaxial bone screw
apparatus or assembly that includes a shank 4, that further
includes a body 6 integral with an upwardly extending upper
portion of capture structure 8 a receiver 107 a retaining
stmicture or retainer 12, o compression or pressure inserl 14,
and a multi-start closure structure or plug 18 of the invention
in the form of a cylindrical plug having a double start
helically wound Oange-form. It is noted that multi-stan
closure embodiments of the invention, such as the closure 18§
may be used with a varety of open implants including, but
ot limited 1o @ wide vanety of polvaxial screws, momo-axial
or fixed screws, hooks and other types of open implants
requiring a plug or closure mechanism to fix a rod or other
implant member 0 a vertebra or other bone. Thus, the
assembly 1 is only ene example of how multi-stant closures
of the invention may be used.

The closure structure 18 presses against and capiures a
longitudinal connecting member, for example, a rod 21
which in tum engages the compression insert 14 that presses
against the shank upper portion & that is attached 1o the
relmming structure thal in Wim presses aganst an innper
surface of the receiver 10, 50 as o caplure and fix the
lengitudinal connecting member 21 withan the recerver 10
and thus fix the member 21 relative 1o a veriehr (no
shown), The illusteated receiver 10 and the shank 4 coop-
erate in such a manner that the receiver 10 and the shank 4
can be secured at any of a plurality of angles, anticulations
or rottional alignments relative o one anothber and within a
selected mnge of angles both from side o side and from
front o rear, o enable fexible or aniculaied engagement of
the receiver 10 with the shank 4 uniil both are locked or fixed
relative 1o each other near the end of an implantation
procedure.

The illustrated rod 21 is hard, siiff, non-elastic and eylin-
drical, having an outer evlindrical surface 22, However, in
other embodimenis, the rod 21 may be elasiic, deformable
andior of a different cross-sectional geometry, The rod 21
may be made from a variety of metals, metal alloys and
deformable and less compressible plastics, including, but not
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limited o rods made of clastomerie, polyetheretherketone
(PEEK) and other types of muterials, such as polvearbonate
urethanes (PCU) and polyeilbylenes. Funhemerne, in lien of
a rodd, longitudingl connecting members for use with the
assembly 1 may take a variety of shapes, and'or may include
a tensioned cord as described in greater detail herein.

It is noted that the receiver 10 includes guide and
advancement structures 168 that ane shown o interlocking
flange forms described in greater detail in applicant®s LS.
Pat, No, 6,726,689, alse incorporated by reference herein.
Abernately, when the closure structure inclides a different
helical form, the receiver cooperating structures (e.g.. 168)
must also be of & cooperating, mating geometry, such as a
square-shaped thread receiving form., a buttress  thread
receiving form. a reverse angle thread receiving form or
other thread-like or non-thresd-like helically wound discon-
tinuous mdvancement structure receiving forms for operably
guiding under rotation and advancing a multi-start closure
structure downward betwoen the receiver arms 160, as well
as eventual torqueing when the closure structure abuts
ogainst the rod 21 or other connecting member.

With particular reference to FIGS. 1-7, the illustrated
multi-stant closure struciure 18 is a double stan closure
having a substantially cylindrical plug body 40 having an
axis of rotation that is the same as that of the receiver 10 and
including a helically wound guide and advancement struc-
ture in the form of a pair of helically wound forms 42 and
43, each illustrated as an mtedocking Mange form that
operably joins with mating Dange form guide amd advance-
ment structurcs 168 disposed on the amms of the receiver 10.
The form 42 includes a start surface or structure 46 and the
form 43 includes a stant surface or structure 47. Each
helically wound form 42 and 43 may take a varicty of forms
amd geometries, including those desenbed in Applicant’s
L&, Pat. No. 6,726,689, which is incorporated by reference
herein. It is noted (and also deseribed in greater detail
subsequently hercin) that each of the closure structune guide
ol sdvancement structires or forms 42 and 43 could
altemnatively be in the form of a buttress thresd, a square
thread, a reverse angle thread, a v-thread or other thread like
or non-thread like helically wound advancement structures,
for operably guiding under rtation and sdvancing the
closure structure dowmvand between the amms of the receive
10 amd preferably having such a nature as o resist splaving
of the receiver arms when the closure struciure 18 is
advanced into the receiver channel, The specific Mange
forms 42 and 43 illustrated in FIGS. 1-7, as well as accepi-
able alternative locking forms, ane described in detail in
Applicant’s LLS. Pat. Mo, 6,726,689, incorporated by refer-
ence herein, and thus shall net be discussed funber berein.
Such aterlocking Mange forms are preferred as the addeld
strength provided thereby beneficially cooperate with and
counter any reduction in strength caused by the any reduced
profile of the receiver 10 that may more advantageously
engage longitudinal connecting member components.

The illustrated closure structure 18 also includes a top
surface 54 with an internal drive 56 in the form of an
aperture that is illustrated as a siar-shaped imemal drve such
as that sold under the wrademark TORX, or may be, for
example, a hex drive, or other intemal drives such as slotted,
tri-wing, spanner, two or more aperiures of varous shapes,
and the like. A driving ool (not shawn) sized and shaped for
engagement with the intemal drive 56 15 used for boh
rodatable engagement and, il needed, disengagement of ihe
closure 18 from the receiver 10 @ arms 160, It is also
foreseen that the closure struciure 18 may aliernatively
include a break-off’ head designed to allow such a head o
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break from a base of the closure at a presclected torque, for
example, 70 to 140 inch pounds. Such a closure structure
would also include a body surface having an intermal drive
1o be used for closure remowval. A base or bottom surface 58
of the closure s planar and funher includes a rim 60 for
engagement and penefration into the surface 22 of the rod 21
in certain embodiments of the invention. The closure top 18
further includes a cannulation through bore 62 extending
along a central axis thereof and through a drive base surface
63 and the bottom surface S8 thereof. Such a through bore
provides a passage throwgh the closure 18 interior for a
length of wire (not shown) insened therein o provide a
guide for insertion of the elogure top into the feceiver arms
1,

The closure structure 18 helically wound flange form start
structures 46 and 47 of the respective forms 42 and 43 are
losated on oppesite sides of the closune plug body 40 and are
both located adjacent the bottom surface 58, As illustrated in

FIG. 3, for example, when the closure structure 18 15 rotated 2

into the receiver 10 between receiver arms 160, each having
a guide and sdvancement structure 168, the stan 46 engages
mating guide and advancement structure 168 on one arm
160 and the start 47 simullanecusly engages guide and

advancement structure 168 on the opposing arm 160, bath 2

forms 42 and 43 being simultancously caplured by the
mating forms 168 on the opposed arms 160, As the structure
18 15 motated, the structire advances axially downwardly
between the arms 160 and presses evenly down upon the
captured rod 21. Esch time the illusteated duel- or double-
start closure plug 18 is rotated one complete turn or pass
{three hundred sicty degrees) between the imiplant amms, the
closure plug 18 advances mially into the implant and toward
the rod by a width of two helical flange forms. The illus-
trated closure 18 is steed for ot least one complete motation
{three hundred sixty degree) of the plug 18 with respect to
the receiver 10 open ammus 160 1o substntially receive the
plug between (e implant arms. Each of the start stroctures
46 aned 47 inclhedes a leading e having ot lenst ome curvile
surface. The at least one eurvate surface inclwdes at least one
radius of curvamre. In one embodiment, the at least one
curvate surfsce is both concave and convex. Multi-start
closures of the invention may have two or more coarse or
fine helical forms, resulting in fewer or greater forms per
axial distance spiraling about the closure plug body and thus
resulting in plugs that rotate less or more than one complete
rotation io be fully received between the implant arms.
Preferably, helically wound forms of the multi-stan closure
of the invention are steed 50 a5 to spiral around a evlindneal
plug body thereof to an extent that the closure rotates o keast
nmely-one degrees 1o fully or substantially receve the
closure plug between the arms of the bome screw receiver or
other open implam, Paticularly preferred guide and
advancement structures are sized for at least one complete
trm or pass (three-hundred sixty degree) of the closure
between the receiver 10 arms and a3 many as two o three
redations 10 be fully received between implant anms.

An aliernative closure top, such as ihe op 18" shown in
FIG. 50 for use with a deformahle rod, such as a PEEK rod
21", for example, includes a botiom surface 58' that has a
domed portion 66' with a central nub 68 in licu of the lm
and rimmed surfaces of the closure top 18, Otherwise, the
closure top 18" includes o guide and sdvancement structures
42 and 43", a top surlace 54" and an intemal drive feature 56
the same or substantially similar to the respective guide and
advancement structures 42 and 43, top surface 54 and
internal drive feature 56 of the closure top 18.
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The shank 4, best illustrated in FIGS. 18 and 42-49, is
elongate, with the shank body 6 having a helically wound
bone implamable thread 124 (single or dual lead thread
form) extending from sear o neck 126 located adjacent 1o the
upper portion or capiure streciure 8, 1o a tip 128 of the body
6 and extending radially omtwardly therefrom. During use,
the body & utihizng the thread 124 for gripping and advance-
ment 15 implanted into the vertebra 17 leading with the tip
128 and driven down into the vertebra with an installation or
driving wal (not shown), s0 as 0 be implanted in the
vertehra 1o near the neck 126, as more fully descrbed in the
paragraphs below. The shank 4 has an clongate axis of
rotation generally identified by the reference letter A

The neck 126 extends axially upward from the shank
body 6. The neck 126 may be of the same or is typically of
a shightly reduced mdns as compared 10 an adjpcent upper
end or top 132 of the body & where the thread 124 termi-
nates, Further extending axially and outwardly from the
neck 126 is the shank upper portion 8 that provides a
connective or caplure apparatus disposed at a distance from
the wpper end 132 and thus at o distance from the verlebra
17 when the body 6 is implanted in such veriehm,

The ghank upper portion & 15 configured for a pivotable
connection between the shank 4 (with attached retainer 12)
and the receiver 10 prior 1o fixing of the shank 4 in a desired
position with respect to the receiver 10, The shank upper
portion 8 has an ouler. convex and substantially spherical
lower surfoce 134 that extends catwardly amd upwardly
from the neck 126 and terminates a1 a substantially planar
ledge or shelf 136 that is annular and disposed perpendicular
to the shank axis A. The spherical lower surface 134 has an
outer radius that is the same or substantially similar to an
outer mdivs of the retainer 12 as will be described in gremer
detail below, the surface 134 as well as the retainer 12 outer
surface participating in the ball and socket joint formed by
the shank 4 and attsched retsimer 12 within the partially
spherical surface defining an inner cavity of the receiver 10,
Extending vpwardly from the ledge 136 i a cviindrical
surface 138, the surface 138 having a rasdios that 15 smaller
than the radius of the lower spherical surface 134, Extending
outwardly from the cylindrical surface 138 is another annu-
lar surface or upper ledge 140 that faces wward the ledge
136 and is also substantially perpendicular o the axis A, As
will be discussed i greater detail below, the lower ledge
136, cylimdrical surface 138 and upper ledge 140 cooperate
to capture and fix the resilient open retainer 12 o the shank
upper portion 8, prohibiting movement of the retainer 12
along the axis A once the retainer 12 is located between the
ledges 136 and 140, Extending upwardly from the upper
ledge 140 15 a evlindrical surface 142 having a radivs smaller
than the radius of the sphencal surfsce 134 bul langer than
the radivs of the cylindrical surface 138, Extending
upwardly from the surfece 142 is s upper partially spherical
or domed surface 144, The spherical surface 144 has an
outer rdins configured for sliding cooperation and ultimate
frictional mating with 2 substantially spherical concave
surface of the compression insen 14 that has the same or
subsiantially similar radivs as the surfoce 144, The radins of
the surface 14d s smaller than the mdivs of the lower
spherical surface 134, Located pear or adjacent to the
surface 144 is an annular top surface 146, In the illustrated
embodiment a bevel 147 extends about the spherical surface
144 and is located between the spherical surface 144 and the
annular planar iop surface 146.

A counter sunk substantially planar base or sealing sur-
face 149 partially defines an intemal drive feature or imprint
150. The illustrated internal drive feature 150 is an aperure
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formed in the top surface 146 and has 2 muli-lobular or
star=shaped aperture, such o= those sold under the trademark
TORX, the aperture designed 1o receive a ool (oot shown)
of an Allen wrench tvpe, into the aperture for rotating and
driving the bone screw shank 4. It is forescen that such an
internal tool engagement structure may take a variety of
tool-engaging forms and may include one or mone apertunes
of various shapes, such as a pair of spaced apart aperiures or
Iex shape, o olver geometric shape. The seat or base 149 of
the drive feature 150 is disposed perpendicular 1o the axis A
with the drive feature 150 otherwise being coaxial with e
axiz A. [n operation, a driving tool is reccived in the internal
drive fieature 150, heing seated at the hase 149 and engaging
the faces of the drive feature 150 for both driving and
ridating (e shonk body 6 into the vertebra 17, either before
the shank 4 is atached 10 the receiver 10 a5 shown in FIG,
42 or after the shank 4 is attached 1o the receiver 10, with e
shank body 6 being drven inte the vertebra 17 with the
driving tool extending into the receiver 1.

The shank 4 shown in the drwings is cannulated, having 2

a small central bore 151 extending an entire length of the
shank 4 along the axis A. The bore 151 is defined by an inner
cvlindrical wall of the shank 4 and has a circular opening at
the shank tip 128 and an upper opening communicating with
the intemal drive 150 at the surface 149, The bore 151 is
coaxial with the threaded body & and the upper poriion 8.
The bore 151 provides a possage through the shank 4 interior
for a length of wire (ol shown) insered wnto the vertebra 17
prioe o the insertion of the shank body 6, the wire providing
a guide for nsertion of the shank body & into the vertebra 17.

To provide a biclogically active interface with the bone,
the thresded shank body & may be coated, perforated, made
porous or otherwise treated. The treatment may include, b
is oot limited to a plasma spray coating of other type of
coating of a metal or, for example, a calcium phosphate; or
a roughening, perforation or indentation in the shank sur-
fwce, such as by sputtering. sand blasting or acid ctching,
that allows for bomy iwgrowth or ongrowth. Certain mietal
coatings ¢l a5 o scaffold for bone ingrowth, Bio-ceramic
caleium phosphate coatings include, but are not limited o
alpha-tri-caleium plosphaie and beta-tri-calcium phosphate
(Ca,(POGLL tetm-calcium  phosphate (Ca,PL0,)  amor-
phous caleivm phosphate and hydmoxyapatite (Ca, (PO,),
(OH).). Comting with hydroxyapstite, for example, 15 desir-
able as hvdroxyapatite is chemically similar to bone with
respect o mineral content and has been identified as being
bioactive and thus nod only supporiive of bone ingrowih, but
actively taking part in bone bonding.

With particular reference 1o FIGS. 18-25, the receiver 106
haos o generally U-shaped appearnce with o partially dis-
continuous substantially evlindneal nner profile and a por-
tially ¢ylindrical and partially feceted owter profile. The
receiver 10 has an axis of rotation B that i3 shown in FIG,
18 as being aligned with and the same as the axis of motation
A of the shank 4, such orientation being desirable, but not
resquired during assembly of the receiver 10 with the shank
4. Adter e receiver 10 iz pivotally attached to the shank 4,
either before or after the shank 4 is implanted in a venecbra
17, the axis B is typically disposed at an angle with respect
i the axis A, as shown, for example, in FIGS, 54-58.

The receiver 10 includes a substantially cvlindrical base
158 integral with a pair of opposed wpstanding arms 160, A
cavily, generally 161, is located within the base 158, The
arms 160 form a cradle and define a U-shaped channel 162
with an upper opening. generally 163, and a U-shaped lower
seal 164, the channel 162 having a widih for operably snugly
receiving the rod 21 between the arms 160. The channel 164

F ]
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communicates with the base cavity 161. Each of the arms
160 has an interior surfsce, gencrally 166 that has a cvlin-
drical profile and furber incledes a partial helically wounsd
guide and advancement structure 168 extending radially
mwardly from the surface 166 amd located adjacent top
surfaces 169 of each of the amms 160. In the illusirated
embodiment, the guide and sdvancement structures 168 are
cach in the form of a partial helically wound interfocking
flange form configured o mate usder rotation with the dual
start closure structure 18. Thus, unlike single star advance-
ment structures, the helical forms 168 on the opposing arm
surfaces 166 that are configured 10 mate with the dual stan
closure top 18 are reverse or flipped images of one another,
the structures 168 on each amm 160 being aligned with
respect to the receiver axis B, so that each closure structure
start and are simullanecusly engaged and coptured m each
am 160 an the same tume.

The arms 160 further include an opposed pair of vertically
extending outer grooves, generally 174, running substan-
tially parallel to the receiver axis B that ane centrally formed
in outer curved (illustrated o5 faceted, both curved and
planar) surfaces 176 Each groove 174 runs centrally from
the respective arm top surface 169 and terminates a1 a
through aperture 177. Each aperiure 177 extends through the
respective arm surfoce 176 and also through the respective
mterior arm surface 166 and is located spaced from the
receiver base 158, Each groove 174 has an upper opening
partially defined by a pair of opposed surfaces 179 and a
substantially planar owter wall surface 181 extending
between the surfaces 179, The planar wall surface 181
terminates at the top arm surface 169 and @t a lower surface
182 partially defining the aperture 177, The illustrated
opposed surfaces 179 are parallel and extend below the
lower surfoce 182, partially defining the through aperture
177. The opposed surfaces 179 are sized to receive portions
of an elongate ool (no shown) for locking and unbocking
the insert 14 with respect (o the receiver i will be described
in greater detail below, In some embodiments, the surfaces
179 may be disposed at a slight angle with respect to each
other, forming a dovetail-like space for mainiaining a close
relationship between an elongate tool (not shown) that enters
mto the groove 174 at the arm wop surface 169 and is
slidingly received between the surfaces 179, The surfaces
179 terminaie al a lower surface 183 ihat also pariially
defines the through aperture 177, The surface 183 35 sub-
stantially perpendicular to the surfaces 179, Thus, the illus-
trated through aperture 177 located below each of the
grooves 174 is substantially the same wadth as the groove
174 there-above, resulling in the aperture 177 having a
substantially rectimgular profile. The through apertures 177
are siped and shaped for receiving tooling and portions of the
compression insert 14 az will be described in greater detail
below.

With particular reference 1o FIGS. 19, 22, 24, and 41,
formexd in the arm surfaces 176 and located on either side of
the throwgh apertures 177 are loteral crimping apertures 186,
The four crimping aperiures 186 are substantially circular in
profile and do not extend completely through the respective
arms 160, but rather terminate at a location between the arm
ouler surface 176 and the imerior surfsce 166 o provide a
crimping portion or wall 187. The erimping portions or walls
187 are sived and shoped for pressing or crimping some or
all of the wall material inwardly onio front and rear surfaces
of the insert 14 10 prohibit rodation and misalignment of the
nsert 14 with respect to the receiver 10 as will be described
in greater detail below.
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The recever 10 is a onc-picce or integral structure and s
devaid of any spring 1abs or collet-like structures. Preferably
the insert amd'or receiver are configured with structure for
blocking rotation of the insert with respect 1o the receiver,
such as the crimp walls 187, but allowing some up and down
movement of the insert with respect to the receiver during
the assembly and implant procedure. Also formed in cach
outer arm surfsce 176 near the top surface 169 1= an undercut
1ol peceiving and engaging groove 189, Some of all of the
apertures and grooves described herein, including, but not
limited to grooves 174, apertures 177, and grooves 189 may
e used for holding the receiver 10 during assembly with the
insert 14, the retainer 12 and the shank 4; during the
implantation of the shank body 6 into a vertebra when the
shumk 1% pre-pesembled with the receiver 10; during assem-
bly of the bope anchor assembly 1 with the rod 21 and 1l
closure structure 18; and during lock and release adjusiment
of inserts according to the invention with respect o the
receiver 10, cither inte or out of frictional engagement with
the inner surfaces of the receiver 10 as will be described in
grester detail below. It is foreseen that ool receiving
grooves or apertures may be configured in a vanery of
shapes and sizes and be disposed at other locations on the
receiver arm 160 outer surfaces 176 andlor inner surfaces
166 as well as surfaces defining the base 158.

Returning o the mtenor amm surlaces, generally 166, of
the receiver arms 160, located below the discontinuous
gunde and sdvancement stricture 168 15 a discontinsous
evlindrical surface 190 parially defining o run-out feature
for the guide and advancement structure 168, Adjacent to
and above the surface 190 is a discontimuous upper annular
ceiling surface 191. The upper annular surface 191 includes
the surfoce 182 that partially defines the aperture 177 and
also includes bottom surfaces of the guide and advancement
structure 168, Also adjacent 10 and below the surface 190 1=
a discontinuous annular surface or step 192 that in um is
adjacent 10 a discontinuous frusto-conical surfice 193
extends from the surfce 192 inwardly toward the receiver
central axis B, Adjocent the surface 193 is another substan-
tially evlindrical discontinuous susface 194 that may in some
embodiments run frusto-conical either towand or away from
the axis B, depending upon. for example. clearance require-
ments for the wop loading of assembly components, such as
the retainer and o compression insen or nsers and also
modifying {enlarging or redwcing) » thickness for ihe crimp-
ing walls 187, if desired. In the curremt embodiment, the
surface 194 terminates ai a small discontinuous ledge or lip
195 directed inwardly toward the axis B. The through
aperlures 177 extend through both the evlindncal surfaces
190 and the surfces 193 and 194, A cvlindrical surface 196
18 adjocent 1o and runs downwardly [rom the lip 195 towands
the base cavity 161. A lower portion of the cylindrical
surface 196 is continmous and this pamially defines the base
cavity 1. The cylindrical surface 196 has a diameter smaller
than a diameter of the oy lindrical surface 190, but larger than
a diameter of the surface 194, The receiver inner arm
surfaces 166 may further include other sloped, stepped or
chamfered surfaces between the eylindrical surfaces 19,
194, and 196 as desired for case in assembly of the other top
loaded components.

With particular reference to FIGS, 23-25, the conlinuous
portion of the inner cylindrical surface 96 lerminates at
downwardly sloping, annular ledge surface 197 that extends
from the surface 196 and muns imwardly toward the receiver
axiz B, The surface 197 lerminates al a substantially cylin-
drical surface 198. The surface 198 terminates at another
annular surface 199 that faces a lower portion of the receiver

.
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cavity 161. The surfisces 197, 198, and 199 form an abui-
ment or ceiling stop for the retoiner 12 as will be described
in greater detail below. The ceiling surface 199 nuns sub-
stantinlly perpendicular 1o e axis B, Cul or otherwise
formed into the surfeces 197, 198, and 199 under one of the
arms 160 is a curved c-shaped notch, creating a substantially
cylindrical surface 200 having a radius greater than a radius
of the surface 198, the opening partially defined by the
sirface 200 providing clearance within the assembly 1,
allowing the retainer 12 1o move above the surface 197 when
the shank 4 and attached retainer 12 are pivoted a1 a favored
angle, for example, as shown in FIG. 58 and discussed in
more detail below,

As stated above, the surface 199 15 substantally annular
and defines an upper ceiling or stop of a retmner 12
expansion portion or chamber of the inner cavity 161 that is
further defined by a substantially spherical surface 202 that
i= adjacent W the surface 199, The surface 202 partially
defines a recess that is sized and shaped to receive the
retainer 12 as it expands around the shank upper portion 8
us the shank 8 i3 moved upwardly toward the channe] 162
during assembly. Located below and adjacent 1o the sphen-
cal swrface 202 is another curved surface 203 extending
downwardly and imwardly toward the axis B. The surface
203 is illwstrated as spherical, but in some embodiments the
surface may be fnusto-conical. The surface 203 15 a scaling
surface for the retainer 12, the surface 203 slidingly receiv-
g the retainer 12 wnnl the retainer is Mctionally locked
against the surface 203 when downward pressare 1s placed
on the shank 4 by the insert 14. A evlindrical surface 204 is
adjacent the spherical surface 203 and an outwardly flaring
surface 205, illustrated as frusto-conical, spans between the
cylindrical surfece 204 and a bottom surface 206 of the
receiver 10, The surface 205 communicating with the bot-
tom surfece 206 1o define a lower opening, generally 207
imnto the receiver buse inner cavity 161, The cvlindrical
surface 204, as well as the frusto-conical surface 203 are
sizedd amd shaped o be smaller than an upper outer rxdial
dimension of the retainer 12 when the retainer 12 is fixed 10
the shank upper portion 8, so az to form a restriction 1o
prevent the structure 12 and atiached shank portion # from
passing through the cavity 161 and out the lower extenior
206 of the receiver 10 during operation thereod.

In various embodimens of the invenlion, a cut-oul or
aperiure made of one or more noiches or curved, cupped or
stepped surfaces may be cut into or otherwise formed in a
portion of the hase surface 206, as well as in portions of the
surfaces 202, 203, 204, and 205, the cupped or stepped
surfaces beng tvpically located substantially centrally and
directly below one of the arm 160, Such a cupped or steppad
surface or surfeces may be siead and shaped for providing
clearance for an increased angle of articulation between the
shank 4 and the receiver 10 in a particular of desired
direction. In the present embodiment, one such arrangement
of stepped surfaces, generally 208 is illustrated. In particn-
lar, the cut-out portion 208 includes a plurality of graduated.
partially annular surfaoces 209 connecting with a plurality of
graduasted partially planar and panially curved surfisces 210,
the swrfaces 209 and 210 defining edges for gripping the
shank 4 as shown, for example in FIG. 58, The cwt-out 208
is located directly below the cut-out portion 200 that pro-
vides clearance for the retaimer 12 during such a favored
angle pivoting of the shank 4 and miached retainer 12,

With panicular reference io FIGS. 18 and 26-29, ike open
retainer 12 that operates o caplure the shank upper portion
8 within the recciver 10 has a central axis C that is
operationally the same as the axis A associated with the
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shank 4 when the shank upper portion 8§ and the retainer 12
are installed within the receaver 10, The retainer 12 is made
from a resilient material, such as a stainless sieel or titanium
alloy, =0 that the retainer 12 may be expanded dunng
assembly as will be described in greater deiail below, s
However, because there is little or o need to compress the
retainer 12 during assembly, the opening or slit that allows
for expansion of the retaner 12 s designed 10 be very
marrow, advantigeously providing substantial or almost full
surface contact between the retainer andd the shank upper
portion & and also between the retainer and the receiver
seating surface 203,

The retainer 12 has a central channel or hollow through
bore, generally 221, that passes entirely through the struc-
wire 12 from a top surface 222 w a bollom surface 224
thereof, The bore 221 iz primanly defined by a discontinu-
ous inner cylindrical surface 225 that s from the top
surfice 222 1o the battom surface 224. In some embodiments
of the invention, notches or grooves may be formed in the
inner and/or bottom surfaces 1o more evenly disinbute stress
across the entire retainer during expansion thereof, The
retainer 12 further includes an outer substantially spherical
surface 227 running hetween the top surface 222 and the
bottom surface 224, the surface 227 has an identical or
substantially similar radius as the receiver seating surface 2
203 and also the shank lower spherical surface 134, The
resilient retainer 12 further includes frst and second end
surfaces, 230 amd 231 disposed in spaced relation 1o ome
another when the retainer is in a newtral state, Both end
surfaces 230 and 231 are disposed substantially perpendicu-
lar to the top surface 222 and the bottom surface 224, The
embodiment shown in FIGE. 26-29 illustrates the surfaces
230 and 231 as substantially pamllel, however, it is foreseen
that it may be desirable to orient the surfaces obliquely or at
a slight angle 1o the top and bottom surfaces.

With particular reference to FIGS. 18 and 30-36, the
loeking compression insert 14 15 illustrted thint 15 sieed and
shaped to be received by and down-loaded into the receiver
10 the wpper opening 166, The compression insert 14 has
an operational central axis that is the same as the central axis
B of the receiver 10. In operation, the insert advantageously
frictionally engages the bone screw shank upper portion 8 as
well as engaging the receiver 10 in an interference fit
engagement, locking the shank 4 in oa desined angular

3
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position with respect 1o ithe receiver 10 thal remains in such 45

locked position even if, for example, & rod and closure top
are later removed and the rod is replaced with another rod or
other longitsdinal connecting member or member compso-
nenl, such as a sleeve of a lensioned cond connecting

member. Such locked posiion may also be released by the 50

strgeon 1§ desired with insert engaging tools {nol shown). In
some embodiments of the invention, an alternative insen i
provided that does not have the receiver interference fit
feature, bt is otherwise substantially similar to the insert 14,

Such an insent includes outer surfaces thm are slidingly 55

received along the receiver 10 surfaces defining the arms
160 and the cavity 161. The locking insert 14 (a5 well as the
non-locking altermative insen not shown) is preferably made
from a solid resilicnt material, such as a stainless steel or
titanium alloy, so thai portions of the insert 14 may be o
grasped, pinched or pressed, if necessary, and un-wedged
from the recetver 10 with a release ool {not shown).

The locking compression insert 14 includes a body 256,
with cylindrical surfisces of a variety of diameters as well as
planar surfaces and chamfers and cut-outs o provide clear
ance beiween the insert 14 and the reiainer 12 duning various
steps of assembly as well as when the assembly 1 is in a final

L]
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locked position. The body 256 is integral with a pair of
upstandding arms 257, Located between the arms 257, the
body 256 has an outer partial cylindrical surfoce 258, Each
anm outer surface is substantially evlindncal in profile but is
made from a variety of facets or faces as well as cut-owts 1o
provide for clearance with other components of the assem-
bly L.

Located on the body 256 below each upstanding arm 257
i o substantially evlindrical imerference Gt surlce or band
159 that extends ouwwardly from and between an upper
eylindrical surface 260 and a lower eylindrical surface 261.
The lower surface 261 is adjacent to an annular hottom
surface 264 of the insert 14. Each upper cylindrical surface
260 partially defines one of the nsert arms 257, The
mterference fit band 159 runs substantially parallel 1o the
botiom surface 264, A diameter of the inser 14 measured @t
the band surface 259 is larger than a diameter measured ot
surfaces 260 or 261, As hest shown in FIG. 36, in the
illustrated embodiment, the bottom surface 264 is disposed
at an angle with respect 1o the bower surface 261, but may
be perpendicular to the lower surfoce 261 in viber embodi-
ments. The insert 14 funher includes substantially planar
amnm top surfaces 265 located opposite the botiom surface
264. The arms 257 are each funther defined by substantially
planar front and rear surfaces 266 that run from the top
surfaces 265 to the boftom surface 264. Al the botiom
surface 264, the fromt and rear surfaces 266 are narmow due
to ¢learance cul-outs 267 located m each corner of the nsen
14, Gach arm 257 also inchedes an outwardly extending
wing, generally 268 located centrally on and extending
outwardly from an upper cylindrical surface 269 of the arm
257, the surface 269 being adjacent to the arm top surface
265, Lach amm top surfice 265 also extends along the
respective wing 268 to a substantially evlindrical outer
surface 270. Each wing is alzo defined by a lower surface
271 and opposed planar side surfsees 272, the upper surfaces
265 and the lower surfaces 271 being substamtially parallel
to e another. The juncture between the plunar side surfaces
272 and the ¢vhindrical surface 270 may include one or more
chamfered, planed, or otherwise angled or curved surface o
aid in rotational assembly of the insert 14 within the receiver
10, The opposed side surfoces 272 generally span between
top and botlom surfaces 265 and 271 respectively, of each
wing 268, the side surfaces 272 being substantially perpen-
dicular io adjacent top and bottom surfaces 265 and 271, The
cylindrical surfaces 270 are sized and shaped for sliding
rotation within the receiver arm cylindrical surfaces 190
during assembly of the insert 14 with the receiver 10 as will
be descnbed i greater detail below. The illustrated wings
268 include indicator stripes 273 that provide a surgical stafl
with an indication of the location of the nsert 14 with
respect 1o the receiver 10 during surgery. For example, the
location of the stripe 273 with respect o the receiver 10
indicates whether the insert 14 is in a non-floppy, but
movable, frictional engagement with the shank head 8 or
whether the insert 14 is fully locked down on the shank head
8. The indicator stripes 273 are conveniently located on the
wing cylindrical surface 270 thm is visible when the wings
268 are extending through the receiver apertures 177,

Returning to the inner surfaces of the insent 14, a through
bore, generally 275, is disposed poimarily within and
through the body 256 and communicates with a generally
Usshaped throwgh channel formed by o saddle surfisce 278
that is subsiantially defined by ihe upstanding arms 257.
MNear the top surfaces 265, the saddle surface 278 15 sub-
stantially planar. The saddle 278 has a curved lower seat 279
sized and shaped to closely, snugly engage the rod 21 or
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other longitudinal connecting member. 1t is foreseen that an
altermtive embodiment may be configured o include planar
holding surfisces that closely hold a square or rectangular bar
as well as hold a cvlindrical rod-shaped, cond, or sheeved
tensioned cord longitudinal connecting member. A pair of
opposed. inwardly facing grooves or apernturcs 280 are
located in the saddle 278 beginning near a junciure of the
substantially planar upper portion of the saddle 278 and
extending wowand the curved lower seat 279, The grooves
280 are sized and shaped w receive 1ooling for rotation,
loeking, unlocking and other manipulstion of the insert 14,

The bore, generally 275, is substantially defined at the
body 256 by an inner cyvlindrical surface 282 that commu-
nicates with the sem 279 and also communicates with a
lower concove, radivsed or otherwizse curved portion 284,
that in some embodiments may include shank gripping
surfaces or ridges, the surface portion 284 generally having
aradius for closely mating with the surface 144 of the shank
upper portion 8. The portion 284 terminates o the hase

surface 264. It is foreseen that the lower shank engaging 2

portion 284 may additionally or altematively include a
roughened or textured surfice or surface finish, or may be
seored, knurled, or the like, for enhancing frictional engage-
ment with the shank upper portion 8. Formed in a portion of

the surface 284 and in a portion of the bottom surface 264 2

is o notch 286 sined and shaped to receive a porion of the
retainer 12 when the shank 4 and attached retainer 12 are
piveded into o favored angle positon as shown, for example,
im FIG, 58, The notch 286 is located directly beneath one of
the armis 257 and has a geometry for peceiving a portion of
the top 222 and outer spherical surface 227 of the retainer 12
when the shank upper portion 8 is fully locked into place by
the insert surface 284 and the shank 4 & pivoted towand the
receiver cut-out 208.

The compression insert 14 through bore 275 is sized and
shaped to receive a driving tool (not shown) therethrough
that engages the shank drive feature 146 when the shank
body 6 i driven into bone with the receiver 10 attached,
Also, in some locking embodinwents of the invention, e
bore receives a mamipulation tool (not shown) used for
releasing ihe insert 14 from a locked position with the
receiver 10, the ool pressing down on the shank head 8 and
also gripping the insert 14 an the aperiures 280, or with other
ool engaging Features. Each of the arms 257 and the insert
body 256 may include more surface feaiwres, such as cut-
ouls nolches, bevels, ete, o provide adequate clearance for
inserting the inseri 14 into the receiver and cooperating with
the retainer 12 during the different assembly steps as will be
desenbed i greater detail below.

The mnsert body 256 oylindrical surface 258 hos a diam-
eler shightly smaller than a diameter between crests of the
guide amd advancement structure 168 of the receiver 10,
allowing for top loading of the compression insert 14 into
the receiver opening 163, with the arms 257 of the insert 14
being located between the receiver ams 160 during inser-
tion of the insert 14 inlo the receiver 10 as shown, for
example, in F1G. 38, Once the arms 257 of the insert 14 are
generally located benemb the guide and advancement siruc-
ture 168, the insert 14 15 rotated into place about the receiver
axis B with the wings 268 cnicring the receiver groove
formed by the cylindrical surface 190, the adjacent upper
annular surface 191 and the adjacent kower annular surface
192 until the wings 268 are located in the aperiures 177 as
will be described in greater detail below.

With reference 1o FIGS, 18 and 48-50, the illustraed
clongate rod or longitudinal connecting member 21 (of
which only a portion has been shown) can be any of a variety
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of implants utilized in reconstructive spinal surgery, but is
typically o cylindrical, elongate structure having the outer
substantially smooth, eylindrical surface 22 of uniform
dinmeter. The rod 21 may be made from a vanety of metals,
metal alloys and deformable and less compressible plastics,
including. but not limited 1o rods made of elastomeric,
podyetherctherketone (PEEK) and other types of materials,
such a5 polvearbonate urethanes (PCUY and polyethvlenes.

Longitudinal connecting members for use with the assem-
by 1 may take a variety of shapes, including bat not limited
to mds of bars of oval, rectangular or other curved or
polygonal cross-section, The shape of the insert 14 may be
modified so as to closely hold the particular longitudinal
connecting member used in the assembly 1. Some embodi-
ments of the assembly 1 may also be used with a tensioned
cord, Such a cord may be made from a variety of materials,
including polyester or odher plastic fibers, strands or thremds,
such as polyetlylene-terephthalate, Funhbermore, the longi-
tudinal connector may be a component of a longer overall
dynamic stabilization connecting member, with cvlindrical
or bar-shaped portions sized and shaped for being received
by the compression insert 14 of the receiver having a
l-shaped, rectangular- or other-shaped channel, for closely
receiving the longimdinal connecting member. The longim-
dinal connecting member may be integral or otherwise fixed
to a bendoble or damping component that 15 sized and
shaped to be located between adjacent pairs of bone screw
assemblies 1, for example. A damping component or bumper
may be attached o the longiudinal connecting member at
one oF both sides of the bone screw assembly 1. A rod or bar
(or rod or bar component) of a longitudinal connecting
member may be made of a varicty of materials ranging from
deformable plastics 1w hard metals, depending upon the
desired application. Thus, bars and rods of the invention may
be made of materials including, but not limited to metal and
metal alloys including bt net limited 1o stainless steed,
titamium, titnium alboys and cobalt chrome; or other sui-
able materials, including plastic polvmers swuch as
pelyetberetherketone (PEEK), ulim-high-mrolecular weight-
polyvethylene (LHMWE), polyurethanes and composites,
including composites coniaining carbon fiber, natural or
symhitic elastomers such as polvisoprene (natural ubber).
amd synthetic polymers, copolymers, and thermoplastic ¢las-
tomers, for example, polyurethane clastomers such as poly-
carbonaie-ureihane elasiomers,

Preferably, the receiver 10, the retainer 12 and the com-
pression insert 14 are assembled at a factory =ctting that
includes tooling for holding. alignment and manipulation of
the component preces, as well as crimping a portion of the
receiver 10 toward the insen 14. In some circumstances, the
shank 4 1= also assembled with the receiver 10, the relainer
12 and the compression insert 14 at the factory. In other
instances, it iz desieable to fisst implant the shank 4, followed
by addition of the pre-assembled receiver. retainer and
compression insert o the insertion point (see, e.g.. FIG. 42).
In this way, the surgeon may advantageously and more
easily implant and monipulate the shanks 4, disimct or
compress the vertebroe with the shanks and work around the
shank upper portions or heads without the cooperating
receivers being in the way. In other instances, it is desirable
for the surgical stafl to pre-assemble a shunk of a desired size
amlfor variety (eg. surface trestment of roughening the
upper portion 8 and'or hvdroxvapatite on the shank &), with
the receiver, retainer and compression inseri. Allowing ihe
surgenn o choose the appropriately sized or treated shank 4
advantageously reduces inveniory requircments, thus reduc-
ing overall cost.
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Pre-sssembly of the receiver 10, retainer 12 and compres-
sion inser 14 is shown in FIGS. 37-41. With particular
reference 1o FIG. 37, first the retainer 12 is inserted into the
lower receiver opening 207, leading with the outer surface
227, the wop surface 222 slightly angled 1o face upwardly and
toward one arm 160 that is located above the stepped,
cut-out 208. The retwiner 12 is then moved upwardly and at
an angle toward the annular ceiling surface 199 located
opposite the cut-oul surface 200 and then past the stepped
cul=ouil 298 in such an angled amd upward manner o e
chamber 161, followed by tilting 1he retainer 12 such that (e
top surface 222 is moved into a position within the receiver
cavity 161 axially alipned with the receiver axis B and
spaced from the surface 199, Then the retaimer 12 is allowed
1 drop until the retainer spherical surface 227 15 seated on
the receiver spherical surface 203 g5 shown in FIG, 38,

Adso with reference o FIG. 38 and with furiber reference
i FIGS. 39 and 40, the, compression insert 14 iz then
downloaded into the receiver 10 through the upper opening

163 with the bottom surface 264 initially facing the receiver 2

arm top surfaces 169 and the nsen ams 257 locoted
between the opposed receiver arms 160, The insen 14 is then
lowered toward the chanmel seat 164 until the insert 14 arm
upper surfaces 265 are adjacent the receiver arm inner

surfaces located below the guide and advancement struc- 2

tures 168, Thereafer, the insert 14 15 rotsted in a clockwise
or counter-clockwise manner aboul the receiver axis B untl
the upper anm surfaces 265 ane directly below the guide and
achvancement structure 168 of each arm as illustmied in FIG,
40 with the U-shaped chanmel 278 of the insert 14 aligned
with the U-shaped channel 162 of the receiver 10, In some
embodiments, the insert arms 257 may need 1o be com-
pressed slightly during rotation 1o ¢lear inner surfisces of the
receiver anms 160, As the insert 14 is rotated about the axis
B, the insert wings. gencrally 268 slidingly rotate within the
circular groove formed by the receiver surlaces 190, 191,
and 192,

With particular reference 1o FIGS. 40 and 41, an this time,
the four enmping wall portions 187 are pressed imwardly
towards the insert 14 and crimping wall material thus
engages the insert near front and rear surfaces 266 thereof,
specifically at the four surfaces or facets 267 as best shown
in FIG. 41. The crimping wall material of the wall 187
pressing against the insert 14 ot a total of four locstions
ithereby prohibiis ihe inseri 14 from rotaiing wilh respect to
the receiver axis 3. Al this time, there can be some upwiird
and downward movement of the insert 14, but such move-
ment is limited as the upper wall 182 defining the receiver
aperiure 177 (that 15 also the surfsce 191) stops Rirther
upward movemen! of the insert wings 268, Downward
movenienl of the insert 14 15 prolubited by the bands 259
resting on receiver ledge surface 195 adjacent the cylindrical
surface 196, The retainer 12 and the insert 14 are now in a
desired position for shipping as an assembly along with the
separate shank 4 and also ready for assembly with the shank
4 enther an the fectory, by surgery stafl prior o implantation,
or directly upon an implanted shank 4 o= will be described
erein.

As illustrated in FIGG. 42, the bone screw shank 4 or an
entire assembly 1 made up of the assembled shank 4,
receiver 10, retainer 12 and compression insert 14, 15
serewed into a bone, such as the vertebra 17, by rotation of
the shank 4 using a suitable driving ool (mon shown) tat
operably drives and rotates ihe shank body 6 by engagemeni
thereol at the imernal dave 150, Specifically, the vertebra 17
may be pre-drilled to minimize stressing the bone and have
a guide wire (not shown ) inserted therein to provide a guide
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for the placement and angle of the shank 4 with respect 1o
the vertebra. A further tap hole may be made using a tap with
the guide wire as o guide, Then, the bone screw shonk 4 or
the entire assembly 1 is threaded omto the guide wire
utilizing the connulation bore 151 by first thresding the wire
into the opening at the bottom 128 and then out of the op
opening ol the dave feture 150, The shank 4 15 then driven
into the vertebra using the wire as a placement guide. I is
foreseen that the shank and oiher bone screw assembly parts,
the rod 21 {also having a central lumen in some embodi-
ments) and the closure top 18 having the central bore 62 can
be inserted in a perculancous or minimally invasive surgical
manner, utilizing guide wires, When the shank 4 is driven
into the vertebra 17 without the remainder of the assembly
1, the shank 4 may either be driven o a desired final location
or may be drven 1o a location shghtly above or proud 1o
provide for ease i assembly with the pre-assembled
receiver, compression insert amd retainer.

With funber reference 1o FIG. 42, the pre-assembled
receiver, insert and retainer are placed above the shank upper
portion 8 unti] the shank upper portion is received within the
opening 207. With particular reference to FIGS. 43-45, as
the shank upper portion 8 is moved into the interior 161 of
the receiver base, the shank upper portion 8 presses
vpwardly sgainst the retainer 12 in the recess partially
defined by the spherical surface 202, As the portion 8
continwes o move upwardly 1oward (he channel 162, the
shank surfoce 144 forces outward movement of the retainer
12 wwards the surface 202 in the receiver expansion cham-
ber or area as the shank 4 presses the retainer 12 up against
the receiver annular ledge surfice or ceiling 199 The
retainer 12 initially expands about the shank upper spherical
surface 144 and then slides along the cylindrical surface 142,
and finally snapping or popping into the recessed cvlindrical
surface 138, the surface 225 of the retainer 12 fully con-
tacting and frictionally engaging the cylindrical surface 138
between the shank lower ledge 136 and the upper ledge 140.
Al this time, the retainer 12 15 in o newtral or shightly
expanded state, fully snapped onto the shank wpper portion
8 with both the reiainer 12 and shank upper portion 8 in
pivostal relation with the recerver 10.

With refercnce to FIG. 46, the shank 4 and anached
retainer 12 are then moved downwardly imto a desired
position with the retainer seated on ihe surface 203, With
reference 1o FIG, 47, the insert 14 may be pressed down-
wardly by a ool (not shown) entering at the receiver grooves
174, for example, and pressing down on the insert wings
268, 1o resull in a fnctonal engagement between the mnsert
mner sphencal surfoce 284 and the shank upper domesd
surface 144 1o an extent that the shank 15 pivotable with
respect to the receiver, bul in a non-floppy manner. The
insert 14 remains in such position due to interference fit
engagement between the insert outer band surfaces 259 and
the receiver eylindrical surfaces 196, Alternatively, the insert
14 may be pushed into such interference Gt by a rod 21 and
closure top 18, Typically, 1ools are first used 1o provide the
nea-floppy armngement between the insert 14 and the shank
head 8, followed by performing a locking engagement
utilizing the rod 21 and closure top 18 as shown in FIG. 48.
In =ome embodiments, when the receiver 10 15 pre-as-
sembled with the shank 4, the entire assembly 1 may be
implanted afier the nsert 14 s pressed inlo non=floppy
frictional engagenveni with ihe shank head 8 by inserting the
driving 1oal (not shown) intoe the receiver and the shank
drive 150 and rotating and driving the shank 4 into a desired
location of the verichea 17,
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Again, with reference to FIG. 48 and also FIG. 49, the rod
21 is evemtually positionsd in an open or perculineous
manner in cooperation with the a least two bone screw
assemblies 1. The closure structure 18 is then insemed into
and advanced between the arms 160 of each of the receivers
10. The closure structure 18 is rotated, using a tool engaged
with the inner drive 56 until a selected pressure is reached
al which point the rod 21 engages the U-shoped scating
surface 278 of the compression msert 14, furtler pressing
the insert spherical surface 284 against the shank splwrical
surface 144, pressing the shank upper portion 8 and sttached
retainer 12 into locked frictional cogagement with the
receiver 10, With specific reference to FIGS. 3, 48, and 49,
as the mult-stan closure structure 18 rottes and moves
downwardly imo the respective receiver 10, the nim 60
engages amwd penetrates (e rod surface 22, the closure
structure 18 pressing downwardly against amd biasing the
roed 21 it compressive engagement with the insert 14 that
urges the shank upper portion ¥ and attached retainer 12 into

Incking engagement with the receiver, the retainer 12 spheni- 2

cal surfsce 227 frctionally abutting the sphencal seating
surfsce 203 of the receiver 10. For example, about 30 1o
about 120 inch pounds of torque on the closure top may be
applied for fixing the bone screw shank 6 with respect 1o the

recaiver 100 Alzo, for example, with reference to FIGS. 2

52-58. when the shank 4 15 disposed at an angle with respect
1 the recever 10, the lower spherical surface 134 of the
shank upper portion 8 may also be in fnctional engagenient
with a portion of the receiver spherical seating surface 203,
The retainer 12 may also expand slightly upon locking,
providing a full and sccure frictional locking engagement
with the receiver at the surface Z03.

If removal of the rod 21 fom any of the bone screw
assemblics 1 is pecessary, or if it is desired to release the rod
21 at a purticular location, disassembly is sccomplished by
using the driving tool (not shown) that mates with the
internal drive 56 on the closure structure 18 1o rotate and
remove such closwre siructure from the cooperating receiver
10, Dizassembly 15 then accomplished in reverse onder 1o (e
procedure deseribed previously bercin for assembly.

With further reference o FIG. 4% and also with reference
1 FIG, 30, a1 this time, the closure top 18 may be loosened
or removed andlor the od 21 may be adjusted andior
removed and the fnctional engagemem between the insert
14 and the receiver 10 at the receiver surface 196 will remain
loeked in place, advantogeously maintsining a locked angu-
lar posiiion of the shank 4 with respect o ihe receiver 10
Thus, at this time, another rod, such as the deformable rod
21" and cooperating allemative multi-stardt ¢losure top 18
mary be losded onto the already kocked-up assembly 1o result

i an altemative assembly. 1t is noted that the closure drve

56" may advantageously be made smaller than the drive of

the closure 18, such that the deformable pod 21° is not unduly
pressed or deformed during assembly since the polyaxial
mechanism is already locked.

With reference 1o FIGS. 51-58, prior to locking the insen
14 sgainst the shonk heod B, the shank 4 may be pivoted w
a plurality of potentially desirable positions with respect 1o
the receiver 10, followed by locking of the polyaxial mecha-
nism by fully mating the mulii-start closure top 18 with the
receiver 10, For example, different angular or aniculsed
positions of the shank 4 with respect o the receiver 10 are
shown, some making full use of the stepped cut-out 208 and
ihe c-shaped groove forming ibe surface 200 of the receiver
andior the notch 2686 of the insen 14, For reference, FIG, 51
llustrates a zero degree relationship between the shank 4
and the receiver 10. In other words, the axis A of the shank
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is aligned with the axis B of the receiver. FIG. 52 shows the
shank 4 pivoted laterally of the receiver cut-om portion 208
in an eighteen degree cephalic relationship. FIG. 53 shows
the shank 4 pivotled away from the receiver cin=oul porion
208 in an cighieen degree caudal relationship. FIG. 54
illustrates the shank 4 being pivoted with respect to the
receiver 10 at an cighteen degree lwteral relationship. FIG.
55 shows the shank 4 pivoted toward the receiver cul-oul
portion 208 at a fory-two degree medial by eight degree
cephalic relationship. FIG, 56 shows the shank 4 pivoted
towarnd the receiver cut-oul portion 208 a1 a foAv-two degree
medial relationship. FIGS. 57 and 58 show the shank 4
pivoted toward the receiver cut-out portion 208 at a forty-
two degree medial by etght degree caudal relationship, FIG.
58 also shows that in such a pivoted relationship between the
shank 4 and the receiver 10, a portion of the retainer 12
moves past the receiver surface 200 and is received by the
noach 286 in the insert 14.

With reference to FIGS. 9 and 10, an alternative closure
top 18 is shown that is almost identical to the closure top 18.
Hewever, the wp 18 differs from the top 18 in that the wop
18 includes a break-ofl head T that further includes a wop
surface 72' having tooling notches 7%, an outer faceted
driving surface 74, illusirated as having a hex-shaped pro-
file, and an inner bore 76'. Ciherwise, the closure top 1§
mcludes o body 40°, a first helical form 42, a second helical
form 4¥, a body top surface 54', a body internal drive 56,
o base 58, a rim 607, a connulation bore 62 amd o drive base
surface 63" that is the same or substantially similar 10 (he
respective body 40, first helical form 42, second helical form
43, body top surface 54, internal drive 56, base 58, rim 60,
cannulation bore 62 and drive base surface 63 previously
described hercin with respect to the closure twop 18, The
break-off head T0' is integeal with the body 400 at the body
top surface 54'. The inner bore 76' communicates with the
mner drive 56' and the cannulation bore 62, The break-off
head T 15 designed to allow such head 700 1o break from the
body 40° @1 or near the top surface 54° a1 o preselected orque,
for example, 70 o 140 ich pounds, when o hex-shaped 1ol
(not shewn) engages the owter surfaces 74' and drives the
closure structure 18 into the receiver 10 as shown in FIG. 9.
The mner drive 56° is used for disassembly or loosening of
the closure 18 from the receiver 10, and re-tightening, if
needed.

With reference 1o FIG. 11, another alternative multi-start
closure top 318 s shown that s almost identical 1o the
closure top 18 with the excepiion thai the two flange forms
42 and 43 with respective starts 46 and 47 have been
replaced with square threads 342 and 343 with respective
starts 346 (not shown) and 347, Otherwise, the dual or
double start closuire top 318 includes a body 340, a body top
surface 354, a body internal drive 356, a base 358, a rim
36, a cannulation bore 362 and a drive base surface 363
that is the =ame or substantially similar to the respective
body 40, body top surfsee 54, internal drive 56, base S8, rim
6, cannulation bore 62 and dive base surface 63 previously
described herein with respect to the ¢losure top 18. In FIG.
11, the closure wop 318 is shown partially wound into a
polvaxial bone screw receiver 310 having opposed arms 3640
with inner surfaces equipped with guide and advancement
structures 368 that are sized and shaped to simultaneously
closely receive snd mate with the square threads 342 and
343 of the dovhle closure structure 318, Ciherwise, the
receiver 310 is idemtical or subsiantially similar o the
receiver 10,

With reference to FIG. 12, an alternative multi-start
closure top 418 is shown that is almost identical to the

Zimvie_Zimmer Biomet v. Jackson
IPR2023-01432; Petitioners’ EX1011
Page 34 of 37



USs 11,129,646 B2

23

closure top 18§ with the exception that the two flange forms
42 and 43 with respective stans 46 amd 47 have been
replaced with reverse angle threads 442 and 443 with
respective starts 446 (ool shown) and 447, Onherwise, the
dual or double stari closure op 418 includes a body 440, a
body top surface 454, a body internal drive 456, a base 458,
a nm 460, a cannulation bore 462 and a drive base surface
463 that iz the sume or substantially similar to the respective
body 40, body top surface 54, inlernal drave 56, base 58, Am
60, cannulation bore 62 and drive base surface 63 previously
desenbed herein with respect 1o the closure 1op 18 The
closure top 418 is shown partially wound into a polyaxial
bone screw receiver 410 having opposed arms 460 with
inmer surfoces equipped with guide and wivancement struc-
tures 468 that wre sized and shaped 1o simultaneously closely
receive aml mate with the reverse angle threads 442 and 443
of the double stan closure structure 418, Oiherwise, e
receiver 410 = ientical or substantially similar o the
recciver 10,

With reference to FIG. 13, another altemative multi-stan. 2

closure wp 518 is shown thet is almost idemtical to the
closure top 18 with the exception that the two flange forms
42 and 43 with respective stans 46 and 47 have been
replaced with v-threads 542 and 543 with respective stars

Sd6 (ot shown) and 547, Otherwise, the dual or double start 2

closure top 518 includes a body 540, 4 body lop surface 554,
a body internal drive 556, a buse 558, a nm 5607, a
cannulaion bore 562 and a drive base surlace 563 that s (he
same or substantiolly similar o the respective body 40, body
top surface 54, intemnal drive 56, base 5B, rim 60, cannula-
tion bore 62 and drive base surface 63 previously described
herein with respect to the elosure top 18, The elosure top 518
is shown partially wound into o polyaxial bone screw
receiver 510 having opposed amms 560 with inner surfaces
equipped with guide and advancement structures 568 that
are sized and shaped to simultaneously closely receive and
mate with the threads 542 and 543 of the double stan closure
struciure 518, Chbwerwise, the receiver 510 iz idemical or
substantially similar to the receiver 10,

With reference to FIG. 14, another altemative multi-stan
closure top 618 is shown that is almost identical to the
closure wop 18 with the exception that the two fange forms
42 and 43 with respective staris 46 and 47 have been
replaced with buttress threads 642 and 643 with respective
starts 446 and 447 (noi shown), Oiherwize, the dual or
double stan closure top 618 includes o body 640, a body top
surface 684, a body internal drive 656, a base 658, a nm
660, a cannulation bore 662 and a drive base surface 663
that 15 the same or substantially similar o the respective
body 40, body wop surface 54, internal drve 56, bose 58, nm
60, cannulation bore 62 and drive base surfice 63 previously
described herein with respect 1o the <losure 1op 18 The
closure top 618 is shown partially wound into a polyaxial
bone screw receiver 610 having opposed arms 660 with
inner surfsees equipped with guide and sdvancement strue-
tures 668 that wre sized and shaped to simultaneously closely
receive and mate with the buttress thresds 642 and 643 of he
double start ¢losure structure 618, Ctheraise, the receiver
610 iz identical or substantially similar to the receiver 10

With reference to FIGS. 15 and 16, an open receiver 710
15 illustrated tht is substantially similar o the receiver 10
previously deseribed hercin with the exception that the
receiver T10 includes opposed anms 760, each having an
integral upsitanding break-ofl’ extension T61. Each receiver
arm 760 and imegral extension 761 has an inner helically
wound guide and advancement siruciure 768 that is sized
and shaped 1o mate with the flange forms 42 and 43 of the
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dual start chosure 18 previcusly described herein, The break-
ofl extensions 761 are initially integral with the respective
arms T80 and are then broken off by a user after the closure
18 has been motatingly advanced along 1l arm extensions
761 and into the channe] located bertween the receiver arms
T, In the illustrated embodiment, in addition to an ower
groove or nolch 770 located a1 or near a top surface 769 of
cach of the arms 760 where the extensions 761 break off
from the receiver arms, illustred inner arm surfaces inclede
@ recess or ¢ul 771, best shown in FIG, 16, thal runs
sibstantially horizontally. Each recess 771 is curved and
clongate and disposed somewhat cross-wise of transverse (o
the respective flange form 768, For example, with reference
to the amm 760 shown in FIG. 16, the recess 771 cuts inlo a
weakened region, generally T8O, where the arm 760 joins
wilh the respective attached adjacent extension 761, the
curved and elongate recess 771 beginning at a lower portion
or location 781 of the fange form recess or segment and
terminating at an opposed upper end location of the flange
form segment, while otherwise leaving the flange form 768
mtact. Stated in another way, the substantially horizontally
extending recess 771 cus into both a lead portion and a
trailing portion of each of the fange form segments bocated
near and directly above the opposed arms 760 and substan-
tially opposite the notch 770, thus further weakening the
region where the extension and the amm aftach, without
destroving the Qange form path, so that the closure 18 15 not
derailed by the mecess TT1 or otherwise prolibited (rom
moving downwardly into the receiver channel formed
between the receiver amms TH0,

With reference to FIG. 17, the multi-start closure 18 is
shown cooperating with a spinal implant peceiver, such a5 a
bone screw reeeiver 107 and a discrete, detachable guide tool
B01. The elongate guide ol 801, only partially shown in
FIG. 17, is typically sized for extending from the bone screw
receiver 100 upwardly 10 o location outside of & patient, the
tool providing a guide channe] for operably guiding the rod
21 or other longiudinal connecting membser from o position
exterior of the bone screw receiver 107 woward and inte the
bone serew receiver 100, The illustrated guide tool has
opposed arms 805, each arm having a helical guide and
advancement structure 810 thereon that is illustrated as a
square thread form, but may be of other geometry, including
o flange form the same or similar 1o the fange forms 168 of
ihe receiver 10/ ilai maies wiih the flange forms 42 and 43
of the ¢losure siructure 18, Thus, the illusimied stroctunes
810 are sized and shaped for receiving and rotating engage-
ment with a dual start closure. The closure 18 is shown
partially wound mto the receiver 107 that 15 identical or
substantially similar to the receiver 10 with the exception of
certin outer anm surface features (ool shown) Thus, the
receiver 10 inclhedes opposed arms 160" with inger surfaces
having guide and advancement strectures 168" that are sized
and shaped to simultaneously closely receive and mate with
the flange forms 42 and 43 of the dual start closure structure
18, The gude ool 801 incledes atachment structure for
detachable attachment 1o the receiver 109(not shown), that
may take a variety of forms and methods, including, bu not
limited to a slide-on, slide-off attachment. a snap-on, rofate
ofl’ sttachment, a rotate-on and motate-off’ attachment, 1o
name a few. For example, cooperating attachment structure
for both the tool and the receiver may be used that is
disclosed in LS, Pat. No. 7,470,279 and incorporated by
reference herein. Returning 1o the inner helically wound
gude and advarcement structure 810 formed on each arm
B4 of the guide tool 801, the structure 810 is sized and
shaped for being aligned with the receiver arms 160" during
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removable attachment of the ool 01 with the respective
bone screw receiver 107 5o as 1o continue the helical pathway
for the closure 18, the simctures 810 being synchronized
with the flange forms 168" o allow for the rotation and
driving transfer of the closure 18 from the tool 801 into the
recciver 100,

It i= o be understood that while cerlain forms of the
present invention have been illustrated and described herein,
i is ol 1o be limited to the specilic fonms of arrangenvent of
parts descrabed and shown,

The invention claimed is:

1. A meedical implant assembly comprising:

a receiver having an upper portion with an inner surface
at beast partially configured as a helieally wound thread
extending wp 1o a top surface of the receiver, and 2
channel formed in the upper portion of the receiver and
configured to receive a rod; and

a plug being threaded and configured o be positioned
within the upper portion, the plug having an axis of

rodation, a continuoushy helically wound thread form, 2

amd a substantially flat bottom surfsce with an annular
ouer edge, the substantially flat botom surface con-
figured 1o engage the rod, the continuously helically
wound thread form having a stan structure with an
upper surface extending between a rood and a crest of
the continuwously helically wound thread form, the starl
structure having a leading face extending below the
upper surfirce to a lower surlsee of the stant stricture,
the leading face including a partial concave surface
adjscent the root and a partial convex surface adjscent
the crest, the partial concave and partial convex sur-
faces cach defined by a radius of curvature that is
substantially equal with respect 1o each other, the lower
surface of the stan structune being spaced apart and
above the annular outer edge of the substantially flat
bottom surfsce so as 1o not be connected with the
annular outer edge thereof,

2. The melical implant assembly of claim 1, wherein the
partial congave surface tangentially blemwds with the partial
convex surface.

Y. The medical implant assembly of claim 1, wherein the
star structure is a first stan structure disposed at a dizmetn-
cally opposite location on the plug from a second start
struchune,

4. The medical implani assembly of claim 1, wherein ihe
leading face of the start structure includes at least a partial
planar surface.

5. The medical implant assembly of claim 1, wherein the
lower surface of the start structire inclisdes a bottom beveled
surfice.

6. The medical implant assembly of claim 1, wherein the
upper surface of the continuously helically wound thread
form of the threaded plug slopes rearward from the foot
towards the crest.

7. The medical implant assembly of clmim 6, wherein o
slope of the upper surfce 15 at an angle grester than five
degrees mensured between a line drawn perpendicular 1o the
axis of mtation of the plug and a tangent line drawn tangent
along the upper surface.

8. The medical implant assembly of claim 1, wherein the
plug is a breakofl plug.

9. The medical implant assembly of claim 1, wherein the
upper porion of the receiver includes o first arm and a
secomd arm spaced apan from each oiher by ihe channel, ihe
Belically wound thread being discontinuous and formed on
the first and second ams, the top surface of the receiver
being formed on the first arm and the second arm.
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10, The medical implant assembly of claim 9, wherein the
first arm includes a first breakofl extension coupled to the
top surface of the first ann, and the second arm includes a
second breakofl extension coupled to the top surface of the
second anm, each of the first and secomd breakofl extensions
including an inner surface having a discontinuously helscally
wound thread form, the discontineously helically wound
thread form of the first breakoll’ extension configured 1o
cooperate with the discontinuously helically wound thread
of the first arm, and the discontinsously helically wound
thread form of the second breakoff extension configured 1o
cooperate with the discontinuously helically wound thread
of the second arm to rotatably transfer the plug therebetween
prior 1o the first and second breakofl extensions being
separated from the first and sccond arms, respectively.

11, The medical implant assembly of claim 10, wherein a
first outer radivsed aotch s located ol & convergence of the
first breakofl extension and the first arm at the top surface
thereof, and a second owter radiused notch 15 located at a
convergence of the second breakoff extension and the sec-
ond arm a the wp surfiace thereof, the first owler radiused
nodch being located opposite a first inner radiused recess,
amd the secomd outer rsdiused notch being located opposite
a second inner radivsed necess.

12. A medical implant assembly comprising:

a receiver having an upper portion with an inner surlfce,

a top surface, and a channel, the inner surface having a
helically wound thread extending up 1o the lop surlisee,
the channel configured to receive a rod; and

a plug configured for positioning within the upper portion

of the receiver, the plug having an axis of rotation, a
continuoushy helically wound thread form comprising a
first thread and a second thread, a substannally Mat
bottom surface with an annular outer edge, and an
outward facing surface encircling the substantially flat
bottom surface, the firs thread comprising a first start
structure and a first upper surface extending between a
first root and o first crest of the first thread, the first stan
structure including a first leading face extending below
the first upper surface to a first lower surface, the
second thresd comprising a second stan structure and a
second upper surfice extending between a second oot
and a second crest of the second thread, the secomd star
structure including a second leading face extending
below the second wpper surface to a second lower
surface, the first and second leading faces each includ-
g a partil concave surface adjacent the st and
second rool, respectively, and a partial convex surface
adjacent the first and second cresl, respectively, the
partial concave and partial convex surfaces of the first
and second leading faces each defined by a radiuz of
curvature, the first lower surface of the first thread and
from the second lower surface of the second thresd are
spaced above and apan from the annular outer edge of
the substantially flat bottom surface of the plug.

13. The medical implamt assembly of claim 12, wherein
the first stan stmcture and the second start structure are
disposed at diametrically opposite locations from each other
on the plog.

14. The medical implant assembly of claim 12, wherein
the first lesding Fece includes a first inflection point between
the partial concave surface and the pariial convex surface of
the first leading face, and the second leading face includes
asecond inflection point between the partial concave surface
and the partial convex surface of the second leading face.
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15. The medical implant assembly of claim 12, wherein
the first and second leading foces each includes at least a
partial planar surfoce.

16, The medical implant assembly of claim 12, wherein
the first lower surface includes a first bottom beveled surface
and the second lower surface includes a second bottom
beveled surface.

17. The medical implant assembly of claim 12, wherein
the plug is a breakofl plug.

18, The medical implant assembly of ¢laim 12, wherein
the upper portbon of the receiver includes a first arm and a
second arm spaced apart from cach other by the channel, the
helically wound thread being discontinuous and formed on
the first and second amms, the top surfie of the reoeiver
being formed on the first arm and the second arm.

19, The medical implant assembly of claim 18, wherein
the op surfaces of the first and second arms each include a
breakofl extension with an inner surface having a discon-
tinuously helically wound thread form. the first and second

arm breakofl extension thread forms being continuous with 2

the respective discontineous helically wound thread fom on
the inner surfsce of the first and second amms.

20, The medical implant assembly of claim 12, wherein
the radivs of curvature for the partial concave and partial

convex surfaces of the first and second leading faces are 2

subsiantially equal with respect o cach other.

L] L] - - -
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