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MEDICAL IMPLAi'IT THREADED PLUG 
UAVING A START STRUCTURE WITH 

SYMME'nUCALLY SOAPED CONCAVE A:Nl) 
CONVEX LEADING SURFACES 

2 
and advancement stmctures including, for example, thread 
forms having v-thread, reverse-angle buttress or square 
thread forms. to name a few. as well as other non-threadlike 
helically wound fom1s. Sometimes threaded plugs are uti-

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

5 lized with outer threaded nuts to prevent splaying of the 
receiver arms. 

As indicated above, the force required to press a closure 
structure down onto a rod or o ther connector located 

111c present application is a continuation of U.S. patent 
application Ser. No. 16/779.304. filed Jan.31.2020, which 
is a continuation of U.S. patent application Ser. No. 15/964, 
502. filed Apr. 27, 2018. now U.S. Pat. No. 10.548.641. 
which is a continuation of U.S. patent application Ser. No. 
15/469,076, filed Mar.24.2017. now U.S. Pat. No. 9.956. 
004. which is a continuation of U.S. patent applica tion Ser. 
No. 14/566.356, filed Dec. 10, 2014, now U.S. Pal. No. 
9,636, 146, which is a continuation of U.S. patent application 
Ser. No. 13/694,849, filed Jan. 10, 2013, now LJ.S. Pat. No. 
8,911,479, issued Dec.16.2014. which claims the benefit of 
U.S. Provisional Application No. 61/631,746. filed Jan. IO. 
2012 and U.S. Provisional Application No. 61/634,361. filed 
Feb. 28, 2012. all of which are incorporated by reference 
herein for all purposes. 
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anchor may be pivoted in a direction to make it easier for the 
am1s of the open imp lam 10 receive a rod or other connector, 
spinal misalignments, irregularities and the placement of 

15 other surgical tools make it difficult to place the rod or other 
collJlector between the arms of the implant while a closure 
structure is mated with the open implant as well as used to 
push the rod or other connector downwardly into the 
implanl. For example. when the closure is a cylindrical plug 

20 having a single start helically w<>w1d guide and advancement 
structure. such structure must be aligned with mating struc-
ture on one of the implant anns and then rotated until a 
portion of the stnicturc is capn,red by mating guide and 
advancement stmcmre on both anus of the implan1. all the 

BACKGROUND OF TllE lNVENTION 

1bc present invention is directed lo stnicture for joining 
together parts of a medical implan1. in particular to closure 
mechanisms for use with open bone anchors in spinal 
surgery. and in some embodimellts thereof, for use with 
spinal bone anchors such as polyaxial screws. 

25 while the closure is being pressed down on the rod while 
other forces are pushing and pulling the rod back out of the 
implan1. Integral or mono-axial open implants that cannot be 
pivoted to receive the rod are even more difficult to manipu-
late during the initial placement oftbe rod and iui tial mating 

Bone anchors. such as bone screws and books are utilized 

30 rotation of a closure plug between the spaced, open anus of 
the implant. Therefore, extraordinary forces are placed on 
the implant and closure plug while the surgeon either pushes 
down on the rod or pulls up oa the bone 10 get the rod in 
position between the implant anns and to initially push 

in many types of spinal surgery in order to secure various 
implants to vertebrae a long 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 to implant bone screws into certain bones 
which then in tum suppon a rod or are supponed by the rod. 
Although both closed-ended and open-ended bone anchors 
are known. open-ended anchors arc particularly well suited 40 
for connections to longitudinal connecting members such as 
hard. soft or deformable rods. dynamic or elastic connectors 
and collllector arms, because such rods or other COJlllector 
members do not need to be passed through a closed bore, but 
rather can be laid or urged into an open channel within a 45 
receiver or head of such a bone anchor. Generally, the 
anchors must be inserted into the bone as an integral unit or 

35 down upon the rod with the closure plug. 

a preassembled un.it. in the form of a shank or hook and 
connected pivotal receiver. ln some instances. a portion of 
such a prcassembled unit, such as a sban.k of a polyaxial 50 
bone screw assembly. may be independemly implanted into 
bone. followed by push- or pop-on assembly of a receiver 
portion of the unit. 

Typic;il open-ended bone screws include a threaded shank 
with a head or receiver having a pair of parallel projecting 55 
branches or arms which form a yoke with a U-shaped s lot or 
cham1el to receive a rod or other longitudinal connecting 
member. I-looks imd other types of co1mec1ors. as arc used in 
spinal fixation tech.uiques, may also include similar open 
ends for receiving rods or portions of other fixation and 60 
stabilization structure. The open-ended head or rod receiver 
portion of such implants typically includes a pair of spaced 
anus forming a channel closed by a closure member after the 
rod or other longitudinal connecting member is placed in the 
chrumel. Known closures include slide-on types, twist-on 65 
varieties that are rotated ninety degrees to a locked in 
position, and a variety of single start helically wound g11idc 

SUMMARY OF THE INVENTION 

A closure structure. top or plug of the invention for 
insertion between spaced anns of an open medical implant 
includes one or more helically wound guide and advance-
ment features. each feature having a start surface or structure 
located at or near a bottom surface of the closure plug. each 
stilll stmcture simultaneously engaging and being captured 
by each of the spaced arms of the open implallt upon initial 
rotation of the closure structure with respect to the open 
in1plant am1s. According to an aspect of the invention, a 
double-start closure is disclosed having two hel ically wom1d 
forms thereon, each form having a start stnicture for simul-
taneously engaging a mating helical form on a respective 
open implru1t arm. Each time the illustrated duel- or double-
start closure plug is rotated one tum (three hundred s ixty 
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 fonus of the 
multi-start closure spiral around a cylindrical plug body 
thereof to an extent that the closure rotates over uinety 
degrees to fully or substantially receive 1he entire closure 
plug between the arms of the open implant. The illustrated 
closure is sized for at least one complete rotation (three 
hundred sixty degrees) of the plug with respect to the open 
implant to substantially receive the plug between the implant 
arms. Multi-start closures of the invention may have two or 
more coarse or fine helical forms. resulting in fewer o r 
greater fom1s per axial distance spiraling about the closure 
plug body and thus resulting in plugs that rotate less (when 
more coarse) or more (when thin or fine) than one complete 
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rotation to be fuUy rcceiv<.xl between the implant anns, 
typically, at least a ninety-one degree rotation is preferred. 

An illustrated multi-start c losure and mating open implant 
is in the fonu of non-tilreaded. interlocking flange forms. 
Also disclosed are multi-start closure structures provided s 
with helically wound forms of other geometry, including, 
but not limited to helically wound threads such as reverse 
angle, buttress. square and v-threads. The multi-start closure 
may be callllulatcd for minimally i1wasive surgical applica-
tions. 10 

Another illustrated multi-start closure embodime111 of tl1e 
invention is shown with a bone screw assembly having an 
open receiver with a pair of opposed arms, each arm having 
guide and advancement stmcture for simultaneous mating 
engagemem with a start of tbe helically wound multi-start 15 
closure. A further embodiment according to the invention 
iucludes an open bone anchor receiver having i111egra l 
upwardly extending break-off tabs that also have the guide 
and advancement structure for mating with the multi-start 
closure. A further embodiment includes an anachable/de- 20 
tachable guide rool cooperati ng with such a mult i-start open 
receiver, the tool having illller guide and advancement 
structures located near a bonom thereof for rotatably and 
matingly receiving the multi-start closure and being syn-
chronized with the receiver guide and advancement structure 25 
for rotat ing and driving the multi-start closure downward 
from the guide tool to the receiver. 

Objects of the invention further include providing appa-
ratus and methods that are easy to use and especially adapted 
for the intended use thereof and wherein the tools are 30 

4 
FIG. 9 is a front e levational view ofan alternative closure 

ofan embodiment of the invention. similar to the closure of 
FIG. l . but including a break-off head, the alternative 
closure shown with a portion of a receiver of the polyaxial 
boue screw of FIG. 8 shown in e11larged and partial /rout 
elevation with portions broken away to show the detail 
thereof. 1111d further showing a rod being pressed upon by the 
altemative closure, the rod a lso in partfal front elevation 
with portions broken away to show the detail thereof. 

FIG. JO is another front elevational view of the closure of 
FIG. 9 with portions broken away to show the detail thereof. 

FIG. 11 is a front elevational view of an alternative 
square-thread closure of an embodiment of the invention 
with portions broken away to show the detail thereof. the 
closure shown wi th a portion of a receiver of the polyaxial 
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 
altemative closure, the rod also in partial front elevation 
with portions broken away to show the detail thereof. 

FIG. 12 is a front elevarional view of an a lternative 
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 screw of FIG. 8 shown in enlarged and partial front 
elevation with portions broken away to show the detail 
thereof. and forther showing a rod being pressed upon by the 
altemative closure, the rod also in partial front elevation 
with portions broken away to show the detail thereof. 

FIG. 13 is a front elevational view of an alternative 
v-tbread closure embodiment of the invention with portions 
broken away 10 show the detail thereof, the closure shown 
with a portion of a n.-cciver of the polyaxial bone screw of 
FIG. 8 shown in enlarged and partial front elevation with 

comparatively inexpensive to produce. Other objects and 
advantages of this invention will become apparent from the 
following description taken in conj,u1ction with the accom-
panying drawings wherein are set forth, by way of illustra-
tion and example. certain embodiments of this invention. 

111e drawings constit11te a part of this specification and 
include exemplary embodiments of the present inve111ion 
and illustrate various objects and features thereof. 

35 portions broken away to show the detail therco l; 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. 

BRIEF DESCRJPTJON OF THE DRAWINGS 

FIG. 1 is a perspective view of an embodiment of a 
mult i-start closure according to the invention. 

FIG. 2 is another perspective view of IJ1e multi-start 
closure of FIG. 1. 

FIG. 3 is a front eleva1ional view of the closure of FIG. 
1 shown with a portion of a receiver of a polyaxial bone 
screw according to FIG. 8, the receiver shown in partial front 
elevation with portions broken away to show the detail 
thereof; and further showing a rod being pressed upon by the 
closure, the rod also in partial front elevation with portions 
broken away to show the detail thereof. 

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

FIG. 14 is a front elevational view of an alternative 
40 buttress-thread closure embodiment of the invention with 

portions broken away to show the detail thereof, the closure 
shown with a portion of a receiver of IJ1e polyaxia l bone 
screw ofFJG. 8 shown in enlarged and partial front elevation 
with portions broken away to show tbe detai l thereof, and 

45 further showing a rod being pressed upon by the alternative 
closure. the rod also in partial front elevation with portions 
broken away 10 show the dctai I thereof. 

FIG. 15 is a partial front elevational view of an embodi-
melll of a multi-start open bone anchor receiver of an 

50 embodiment of the invention with portions brokeo away to 
show the detail thereof. the receiver including break-off tabs. 

FIG. 16 is an enlarged and partial front elevat ional view 
of the receiverofFIG. 15 wilJ1 portions broken away to show 
the derail thereof. 

FIG. 5 is a reduced bottom plan view of the closure of 55 
FIG. 1. 

FIG. 17 is a partial front elevational view of an embodi-
ment of a bone anchor receiver having a guide and advance-
ment strncture that matingly cooperates with the multi-start 
closure of FIG. 1. also shown in front elevation. the receiver 
having portions broken away to show the detail thereof, and 
further shown wi th a guide tool, shown in pbautom, the 
guide tool having a multi-start guide and advancement 

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

FIG. 7 is a reduced cross-sec1ioual view taken a long the 60 
line 7-7 of FIG. 6. 

structure receiving inner surface synchronized with the bone 
anchor receiver guide and advancement s1ruct11re. 

FIG. 8 a partial front elevational view of an open bone 
screw assembly, with portions broken away to show the 
detail thereof, including a receiver, a shank, a compression 
insert and also shown in engagement with the closure top of 
FIG. l (in reduced view) Md a longitudinal connecting 
member in the form of a hard rod. 

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

FIG. 19 is an enlarged perspective view of the receiver of 
FIG. 18. 
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FIG. 20 is a top plan view of the receiver of FIG. 19. 
FIG. 21 is a bonom plan view of the receiver of FIG. 19. 
FIG. 22 is a side elevational view of the receiver of FIG. 

l9. 

6 
FIG. 46 is a partia l front elcvational view, similar to FIG. 

45, with portions broken away to show the detail thereof and 
showing the reta iner dropped down to a seated posirion 
within the receiver. 

FIG. 23 is an enlarged cross-sectional view taken along s 
the line 23-23 of FIG. 20. 

FIG. 47 is an enlarged and partial front eleva1ional view 
with portions broken away. similar to FIG. 46 and furtJ1er 
showing the insert afier being pressed downwardly into 
friction fit engagement with the shank. 

FIG. 24 is an enlarged cross-sect ional view taken along 
the line 24-24 of FIG. 22. 

FIG. 25 is an enlarged cross-sectional view taken along 
the line 25-25 of FIG. 20. 

FIG. 26 is an enlarged perspective view of the reta iner of 
FIG. 18. 

FJG. 27 is a top plan view of the retainer of FIG. 16. 
FIG. 28 is a bottom plan view of the retainer of FIG. 26. 
FIG. 29 is an enlarged cross-sectional view taken a long 

the line 29-29 of FIG. 27. 
FIG. 30 is an enlarged perspective view of the compr(.-s-

s ion insert of FIG. 18. 
FIG. 31 is another perspective view of the insert of FIG. 

30. 
FIG. 32 is a top plan view of the insert of FIG. 30. 
FIG. 33 is a bottom plan view of the insert of FIG. 30. 
FIG. 34 is a reduced side e levational view of the insert of 

FIG. 30. 
FIG. 35 is an enlarged cross-sectional view taken along 

the line 35-35 of FIG. 32. 
FIG. 36 is an enlarged cross-sectional view taken along 

the line 36-36 of FIG. 32. 
FJG. 37 is an enlarged front elevational view of the 

receiver 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. 48 is an enlarged and partial front elevat ional view 
10 with portions broken away of rhe assembly of FIG. 18, 

shown with the closure !Op partially assembled as also 
shown in FIG. 3. 

FIG. 49 is an enlarged and partial front clevat ional view 
with portions broken away. similar to FIG. 48 and further 

t5 showing the closure fully assembled between anns of the 
receiver. 

FIG. 50 a reduced and partial front elevational view with 
portions broken away of the assembly of FIG. 49. but with 
the rod and closu.re top thereof removed and rep laced with 

20 an altemative defomiable rod and an alternative multi-start 
closure of the invention, the insert remaining locked against 
the receiver and thus keeping rhe shank locked in place 
during removal and replacement of the rod and c losure top. 

FIG. 51 is a reduced and partial perspective view of the 
25 assembly of FIG. 49. 

FIG. 52 is a partial perspective view. similar ro FIG. 51. 
but showing the shank disposed at an eighteen degree angle 
(cephalic) with respect to the receiver. 

FIG. 53 is a partial perspective view. similar to FIG. 52. 
30 but showing the shank d isposed at an eighteen degree angle 

(caudal) with respect to the receiver. 

FJG. 38 is a front elevationaJ view with portions broken 
away of the receiver and retainer, similar to FIG. 37, further 
showi11g the retainer and also the compression insert ofFJG. 35 
18 in a later stage o f assembly, the compression insert shown 

FIG. 54 is a partial perspective view. similar to FIG. 53. 
but showing the shank d isposed at an eighteen degree angle 
(lateral) with respect 10 tbe receiver. 

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

in side elevation. 
FIG. 39 is a reduced front elevational view with portions 

broken away. similar to FIG. 38. showing the insert in a 
stage of being rotated into a desired position within the 
receiver. 

FIG. 40 is a reduced front elevational view with portions 
broken away. similar to FIG. 39 showing the insert being 
rotated into the desired position. 

FIG. 41 is an enlarged and partial perspective view of the 
assembly as shown in FIG. 40, further showing portions of 
the receiver pressed or crimped toward the insert to prohibit 
further rotarion of the i11sert with respect to the receiver. 

FIG. 56 is a partial perspective view. similar to FIG. 55, 
40 but showing the shank disposed al a forty-two degree 

(medial) angle with respect to the receiver. 
FIG. 57 is a partial perspective view. similar to FIG. 56. 

but showing the shank disposed a1 a forty-two degree 
(medial) by eight degree (caudal) angle with respect to the 

45 receiver. 
F'IG. 58 is an enlarged front elcvational view of the 

assembly of FIG. 57 with po11ions broken away to show the 
detail thereof. 

FIG. 42 is an enlarged and partial, partially exploded front 
elevational view of the shank of FIG. 18 and also the 50 
receiver, retainer and compression insert of FJG. 18 as 
assembled as in FIG. 32, with portions broken away to show 

DETAJLED DBSCRIPTJON OF THE 
INVENTION 

As required. deta iled embodiments of the present inven-
tion are disclosed herein; however, it is to be understood that 

the detail thereof, the shank being shown implanted in a 
vertebra, shown in phantom. as the shank may be assembled 
with the receiver either before or after implantation. 

FIG. 43 is a partial front elevational view. similar to FIG. 
42, with portions broken away to show the detail thereof and 
showing the shank in a stage of assembly with the retainer. 

55 the disclosed embodiments are merely exemplary of the 
invention, which may be embodied in various forms. There-
fore, specific strnctural and functional details disclosed 
herein are uo1 to be interpreted as limiting. but merely as a 

FIG. 44 is an enlarged partial front elevational view, 
similar to FIG. 43, with portions broken away to show the 60 
detail thereof 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 part ia l front elevational view, 
simi lar to FIG. 44. with portions broken away to show the 65 
detail thereof wherein the shank is fully assembled with the 
retainer. 

basis for the claims and as a representative basis for teaching 
one skilled in the art to variously employ the present 
invention in virtually any appropriately detailed structure. It 
is also noted that any reference to the words top. bottom, up 
and down, and the like, in this app lication refers to the 
alignment shown in the various drawings, as well as the 
normal connotations applied to such devices, and is not 
intended to restrict positioning of the bone attachment 
strncn1rcs iu acntal use. 
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Furthermore, 1he terms lead, pitch and start, as such 1erms 
are used to describe helically wound guide and advancement 
strucn1res, are to be understood as follows: Lead is a 
distance along the axis of a closure plug that is covered by 
one complete rota tion (360 degrees) of1he closure plug with 
respect to a mating open implant. Pitch is the distance from 
a crest (or outer point or location) of oae guide and advance-
ment stmcture form to the next. For example in a single-start 
thread-form. such as a si11gle start. helically wound v-thread 
closure plug, lead a11d pitch are the same. Single start means 
that there is only one ridge or helically wound fonu wrapped 
around a cylindrical core, or in the case of the present 
invention. wrapped arom1d a cylindrical closure plug body 
and thus there is 011ly oue start structure or surface at a base 
or forward end of the closure body that initially engages a 
mating strncn1rc on the open implant. Each time a single 
start closure rotates one turn (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 a re two starting 
surfaces or stmctures ou the closure plug. 1l1erefore, each 
time a double-start body rotates one mm (360 degrees), such 
a body bas advanced axially by a width of two ridges or 
forms. Multi-start means that there are at least two and may 
be up to three or more of such ridges or forms wrapped 
around a core body. 

With reference to FIGS. 1-8 and 18-58, and in particular 
to FIGS. 8 and 18. the reference number l generally repre-
sents an open implant in the form of a polyaxial bone screw 
apparatus or assembly that includes a shank 4. that further 
includes a body 6 integral with an upwardly extending upper 
portion or capture stmcture 8; a receiver 10; a retaining 
structure or retainer 12, <1 compression or pressure insert 14, 
and a multi -stan closure structure or plug 18 oftbe invention 
in the form of a cylindrical plug having a double start 
helically wound flange-form. It is noted that multi-start 
closure embodiments of the invention, such as the closure 18 
may be used with a variety of open implants including, but 
not limited lo a wide variety ofpolyaxial screws, mono-axial 

8 
limited 10 rods made of elastomeric, polyc1hcrc1herke1onc 
(PEEK) and other types of materials. such as polycarbonate 
urctlianes (PCU) and polyc1hyle11es. Furthcnuore. in lieu of 
a rod. longitudinal connecting members for use with the 

s assembly I may take a variety of shapes, and/or may include 
a tensioned cord as described in greater detail herein. 

ll is noted that tbe receiver 10 includes guide and 
advancement stmctures 168 that are shown as interlocking 
flange forms described i11 greater detail in applicant's U.S. 

10 Pal. No. 6.726,689, also incorporated by reference herein. 
Alternately. when the closure structure includes a different 
helical fonn, the receiver cooperating struc!Ures (e.g., 168) 
must also be of a cooperating, mating geometry, such as a 
square-shaped thread receiving form, a buttress thread 

15 receiving form, a reverse angle thread receiving forni or 
other thread-like or non-thread-like hel ically wound discon-
tinuous advancement structure receiving fonns for opcrably 
guiding under rotation and advancing a multi-start closure 
structure downward bctwt-en tbe receiver arms 160, as well 

20 as eventual torqueing when the closure structure abuts 
against tbe rod 21 or other coDUectiug member. 

With particular reference 10 FIGS. 1-7. the illustrated 
multi-start closure structure 18 is a double stan closure 
having a substantially cylindrical plug body 40 having an 

25 axis of rotation that is the same as that of the receiver 10 and 
including a helically wound guide and advancement struc-
ture in tl1e fonn of a pair of helically wound forms 42 and 
43, each illustrated as an interlocking flange fonn that 
operably joins with ma1i11g flange form guide and advance-

JO melll strnc1ures 168 disposed on the anus of the receiver JO. 
The fonu 42 includes a start surface or slructure 46 and tbc 
form 43 includes a start surface or structure 47. Each 
helically wound form 42 and 43 may take a variety of forms 
and geometries, including those described in Applicant's 

35 U.S. Pat. No. 6,726,689, which is incorporated by refereoce 
herein. l t is noted (and also described in greater detail 
subsequently herein) tliat each of the closure stmclllre guide 
and advancement stmctures or fonns 42 and 43 could 

or fixed screws. hooks and other types of open implants 40 
requiring a plug or closure mechanism to fix a rod or other 
implant member to a vertebra or other bone. Thus, tl1e 
assembly 1 is only one example of bow multi-start closures 

alternatively be in the form of a buttress thread, a square 
thread, a reverse angle thread, a v-tlu-ead or other thread like 
or non-thread like helically wound advancement strucnires. 
for operably guiding under rotation and advancing the 
closure s1n1c111re downward between the anus of the receive 
IO and preferably having such a nature as to resist splaying 
of the receiver anus when the closure structure 18 is 
advanced i.nto lhe receiver channel. The specific flange 

of the inveotion may be used. 

forms 42 and 43 illustrated in FIGS. 1-7, as weU as accept-
able al!emative locking fonns. are described in detail in 
Applicant's U.S. Pat. No. 6.726.689, incorporated by refer-
ence herein, and thus shall not be discussed further herein. 
Such interlocking flange forms are preferred as the added 
strength provided thereby beneficially cooperate witl1 and 
counter any reduction in strength caused by the any reduced 
profile of the receiver IO that may more advantageously 
engage longit11dinal coDUccting member componeuts. 

The illustrated closure structure 18 also includes a top 
surface 54 with an internal drive 56 in the form of an 
apcmirc that is illus1ra1ed as a star-shap(.-d internal drive such 
as that sold under the lrndemark TORX, or may be, for 

·n1c closure structure 18 presses against and captures a 45 
longitudinal coru1ec1ing member. for example, a rod 21 
which in tum engages the compression insert 14 that presses 
against the shank upper portion 8 that is anached to the 
retaining structure tliat in 111m presses against an inner 
surface of the receiver 10. so as 10 capture and fix the 50 
longitudinal connecting member 2L within the n.'Ceiver 10 
and thus fix the member 21 relative to a vertebra (not 
shown). 1be illustrated receiver 10 and the shank 4 coop-
erate in such a manner that the receiver IO and the shank 4 
can be secured at any of a plurality of angles. articulations 55 
or rotational alignments relative to one another and within a 
selected range of angles both from side to side and from 
frout 10 rear, 10 elwblc flexible or articulated engagement of 
the receiver 10 with the shank 4 until both are locked or fixed 
relative 10 each other near tbe end or an implan1a1io11 
procedure. 

60 example, a hex drive, or other internal drives such as s lotted. 
tri-wing, spru.rncr, two or more apcrttires of various shapes. 
and the like. A driviog tool (not shown) sized and shaped for 
engagement with the internal drive 56 is used for both 
rotatable engagement and, if needed, disengagement of the 

·n,e illustrated rod 21 is hard. stiff, non-elastic and cyl in-
drical, having an outer cylindrical surface 22. l-lowever. in 
other embodiments, the rod 21 may be elastic, deformable 
and/or of a differeut cross-sectional geometry. -n1e rod 21 
may be made from a variety of metals, metal alloys and 
dcfonnable and Jess compressible plastics, including. but not 

65 closure 18 from the receiver 10 at anns 160. It is also 
foreseen that the closure stmcture 18 may a lternatively 
include a break-off head designed to allow such a head to 
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break from a base of the closure at a preselected torque. for 
example. 70 10 J 40 inch pounds. Such a closure stnicture 
would also .include a body surface having an internal drive 
to be used for closure removal. A base or bottom surface 58 
of the closure is planar and further includes a rim 60 for 
engagement and penetration into the surface 22 of the rod 2 1 
in certain embodiments of the invention. ·me closure top 18 
further includes a cannulation througl1 bore 62 extending 
along a central axis thereof and through a drive base smface 
63 and the bonom surface 58 thereof. Such a through bore 
provides a passage through the closure 18 interior for a 
length of wire (not showu) inserted therein to provide a 
guide for insertiou of the closure top into the receiver arms 
160. 

TI1e closure strncture 18 helically wouud flaugc fonu start 
strucmres 46 and 47 of the respective forms 42 and 43 are 
located on opposite sides of1he closure plug body 40 and are 
both located adjacent the bottom surface 58. As illustrated in 
FlG. 3. for example, when the closure structure 18 is rotated 
into the r<.-ceiver 10 between r<.-ceiver arms 160, each having 
a guide and advancement strucntre 168, the start 46 engages 
mating guide and advaucement strucrure J 68 on one arm 
J 60 and rhe start 47 simullaneously engages gt1ide and 
advancement stnicnrre 168 on the opposing arm 160. both 
forms 42 and 43 being simultaneously capmred by the 
mating forms 168 on the opposed arms 160. As the strncmre 
18 is rotated. the stmcture advances axially downwardly 
between the arms 160 and presses evenly down upon the 
capmred rod 21. Each time the illustrated duel- or double-
start c losure plug 18 is rotated one complete turn or pass 
(three hundred sixty degrees) between the implant am1s, the 
closure plug 18 advauces mcially into the implant and toward 
the rod by a width of two helical nange forms. T he illus-
trated closure 18 is sized for at least one complete rotation 
(three hundred sixty degree) of the plug 18 with respect to 
the receiver 10 open arms 160 to substantially receive the 
plug between the implant anns. Each of the start stmctures 
46 and 47 includes a leading face having at least one curvate 
strrface. ·n1e at least one curvate surface includes at least one 
radius of curvature. In one embodiment. the at least one 
curvate surface 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 fonns per 
axia l distance spiraling about the closure plug body and thus 
resulting in plugs that rotate less or more than one complete 
rotation to be fully received between the implant arn1s. 
Preferably, helically wound fonns of the multi-start closure 
of the invention arc sized so as to spiral around a cylindrical 
plug body thereof to an extent that the closure rotates at least 
ninety-one degrees to fu lly or substantially receive the 
closure plug between the arms o f the bone screw receiver or 
other open implant. Particularly preferred guide and 
advancement struc1mes are sized for at least one complete 
ntrn or pass (three-hundred sixty degree) of the closure 
between the receiver 10 arms and as many as two to three 
rotations to be fully received between implant arms. 

Au alternative closure top. such as the top 18' shown in 
FIG. 50 for use with a deformable rod. such as a PEEK rod 
21 '. for example. includes a bottom surface 58' that has a 
domed portion 66' with a central nub 68' in lieu of the flat 
and rimmed s urfaces of the closure top 18. Otherwise, the 
closure top 18' includes a guide and advancement stmcn1res 

10 
The shank 4, best illustrated in FIGS. 18 and 42-49, is 

elongate. witlt the shank body 6 having a helically wound 
bone implantable thread 124 (s ingle or dual lead thread 
form) extending from near a neck 126 located adjacent to the 

5 upper portion or capture stnicntre 8. to a tip 128 of the body 
6 and extending radially outwardly therefrom. During use. 
the body 6 utilizing the thread J 24 for g ripping and advance-
ment is implanted into tJ1e vertebra 17 leading with the tip 
128 and driven down into the vertebra with an installat ion or 

10 driving tool (not shown), so as to be implanted in the 
vertebra to near the neck 126, as more fully described in the 
paragraphs below, The shank 4 has an elongate axis of 
rotation generally identified by the reference letter A. 

The neck 126 exteuds axially upward from the shank 
15 body 6. ll1e neck 126 may be of the same or is typically of 

a slightly reduced radius as compared to an adjacent upper 
end or top 132 of tl1c body 6 where tl1c thread 124 tenni-
nates. Further extend ing ax ially and outwardly from the 
nt.-ck J26 is the shank upper porrion 8 that provides a 

20 connective or capntre apparants disposed at a distance from 
the upper end 132 and thus nt a distance from the vertebra 
J 7 when the body 6 is implanted in such vertebra. 

The shauk upper portion 8 is configured for a pivowble 
connection between the shank 4 (witJ1 attached retainer 12) 

25 and tJ1e receiver 10 prior to fixing of the shank 4 in a desired 
position with respect to the receiver 10. The shank upper 
portion 8 has an outer, convex and substantially spherical 
lower surface 134 that extends outward ly and upwardly 
from the neck 126 and terminates at a substrullially planar 

30 ledge or shelf 136 that is annular and disposed perpendicular 
to the shank axis A. Tue spherical lower surface 134 has au 
outer radius that is 1he same or substantially similar to an 
outer radius of tJ1e retainer 12 as will be described in greater 
detail below, the surface 134 as well as the retainer 12 outer 

35 surface participating in the ball and socket joint formed by 
the shank 4 and artached reta iner .12 within the partially 
spherical surface defining an i1rner cavity of the receiver JO. 
Extending upwardly from the ledge 136 is a cylindrical 
surface 138. the surface 138 having a radius that is smaller 

40 than the radius oftJ1e lower spherical surface 134. Extending 
outwardly from tJ1e cylindrical surface 138 is another annu-
lar surface or upper ledge 140 that faces toward the ledge 
136 and is also substantially perpendicular lo tJ1e axis A. As 
will be discussed in greater detail below. tbe lower ledge 

45 136. cylindrical surface 138 and upper ledge 140 cooperate 
to capt,rre and fix the resilient open retainer 12 to the shank 
upper portion 8, prohibiting movement of the retainer 12 
along tJ1e axis A once the retainer 12 is located between the 
ledges 136 and 140. Extending upwardly from the upper 

50 ledge 140 is a cylindrical surface 142 having a radius smaller 
than the radius of the spherical surface 134 but larger than 
the radius of the cylindrical surface 138. Extending 
upwardly from the surface 142 is an upper partially spherical 
or domed surface 144. ll1e spherical surface 144 has an 

55 outer radius configured for sliding cooperation and ultimate 
frictional mating witJ1 a substantially spherical concave 
surface of the compression insert 14 that has the same or 
substantially similar mdius as the surface J44. The radius of 
the surface 144 is smaller than the radius of the lower 

60 sphe rical surface 134. Located near or adjacent to the 
surface 144 is au annular top surface 146. In tbe illustrated 
embodiment a bevel 147 extends about the spherical surface 
144 and is located between the spherical surface 144 and tbc 

42' and 43', a IOp surface 54' and an internal drive fearure 56' 
the same or substantially simi lar to the respective guide and 65 
advancement stmctures 42 and 43, top surface 54 and 
internal drive feamre 56 of the closure top 18. 

a nnula r planar top surface 146. 
A counter sunk substautia lly planar base or seating sur-

face 149 partially defines an inte mal dri ve feature or imprint 
150. The il lustrated internal drive feature 150 is an aperture 
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formed in the top surface 146 and bas a multi-lobular or 
star-shaped aperture. such as those sold under the trademark 
TORX, the aperture designed 10 receive a 1001 (1101 shown) 

12 
communicates with the base cavity 161. Each of tbc anns 
160 has an i.Jllcrior surface. generally 166 that has a cyli.J1-
drical profile and further includes a partial helically wound 
guide and advancement stmcture 168 extending radially of an Allen wrench type, into the aperture fi.)r rotating and 

driving the bone screw shank 4. It is foreseen that such an 
internal tool engagement stmcnire may take a variety of 
tool-engaging forms and may include oae or more apertures 

5 inwardly from the surface 166 and located adjacent top 
surfaces 169 of each of the anus 160. ln tl1e illustrated 

of various shapes, such as a pair of spaced apart apertures or 
bex shape, or other geometric shape. Tbe seat or base J 49 of 
the drive feature 150 is disposed perpendicular to the ax is A 10 
with the drive feature 150 otherwise being coaxial with the 
axis A. In operation. a driving tool is received in the internal 
drive foature 150. being seated at the base 149 and engaging 
the faces of the drive feanire 150 for both driving and 
rotating the shank body 6 into the vertebra 17. either before 15 
the shank 4 is attached to the receiver l O as shown in Fl G. 
42 or after the shank 4 is attached 10 the receiver 10. with the 
shank body 6 being driven into the vertebra 17 with the 
driving tool extending into the receiver 10. 

·me shank 4 shown in the drawings is cannulated, having 20 
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 
cyliDdrical wall of the shank 4 and has a circular opening at 
the shank tip 128 and an upper opening communicating with 
the internal drive 150 at the surface 149. ·n1e bore 151 is 25 
coaxia l with U1e U1readed body 6 and tl1e upper portion 8. 
The bore 151 provides a passage through the shank 4 interior 
for a length of wire (not shown) inserted into tl1e vertebra J 7 
prior to the insert ion of the shank body 6, the wire providing 
a guide for insertion of the shank body 6 into the vertebra 17. 30 

To provide a biologically active interface with the bone, 
the threaded shank body 6 may be coated, perforated, made 
porous or otherwise treated. The treatment may ioclude, but 
is not limited io a plasma spray coating or other type of 
coating of a meta l or. for example, a calcium phosphate: or 35 
a roughening. perforation or indentation in the shank sur-
face. such as by sputtering. sand blasting or acid etching, 
tl1at a llows for bony ingrowth or ongrowth. Certain metal 
coatings act as a scaffold for bone ingrowth. Bio-ceramic 
calc irnn phosphate coatings include. but are not limited to: 40 
alpha-tri-calcium phosphate and bcta-tri-calcium phosphate 
(Ca,(PO4 ) 2) . tetra-calcium phosphate (Ca4P2O9 ) , amor-
phous calcium phosphate and hydroxyapatite (Ca10(PO4 ) 6 
(OF-1)2 ) . Coating witb hydroxyapatite, for example. is desir-
able as hydroxyapatitc is chemically similar to bone with 45 
respect to mineral content and has been identified as being 
bioactive and thus not only supportive of bone ingrowth, but 
actively taking part in bone bonding. 

With particular reference to PJGS. J 8-25, the receiver 10 
has a generally U-shaped appearance with a partially dis- 50 
continuous substantially cylindrical inner profile and a par-
tia lly cylindrical and partially faceted outer profile . The 
receiver 10 has an axis of rotation B that is shown in FJG. 
18 as being aligned with w1d the same as the axis of rotatio n 
A of the shank 4. such orientation being desirable, but not 55 
required during assembly of the receiver 10 with the shank 

embodiment, the guide and advw1cement stmctures 168 are 
eacb in tl1e form of a partial helically wound interlocking 
flw1ge form configured to mate under rotation with the dual 
start closure Strncture 18. Thus. unlike single start advance-
ment stn1ctures. the helical forms 168 on the opposing ann 
surfaces 166 that are configured 10 111a1e with the dual start 
closure top 18 arc reverse or flipped images of one another. 
the structures 168 on each ann 160 being aligned with 
respect to the receiver axis B. so that each closure structure 
start and are simultaneously engaged and capmred at each 
arm 160 at tbe same time. 

The arms 160 further include an opposed pair of vertically 
extending outer grooves. generally J 74. nnmiug substan-
tially parallel to tl1e receiver axis D that are centrally formed 
in outer curved (illustrated as faceted, both curved and 
planar) surfaces 176. Each groove .1.74 nms centrally from 
the respective arm top surface 169 and terminares at a 
through apert11re 177. Each a perture 177 extends through the 
respective arm surface 176 and also through the respective 
interior arm surface 166 and is located spaced from the 
receiver base 158. Eacb groove 174 has an upper opening 
partially defined by a pair of opposed surfaces 179 and a 
substantially planar outer wall surface 181 extending 
between the surfaces 179. Tbe planar wall surface 181 
1en11ina1es at the top an11 surface 169 and at a lower surface 
182 partially defining tl1c aperture 177. Tbc illustrated 
opposed surfaces 179 are parallel and extend below the 
lower surface 182, partially defining the through apert\1re 
177. The opposed surfaces 179 are sized to receive portions 
of an elongate tool (not shown) for locking and unlocking 
the insen 14 with respect to the receiver as will be described 
in greater detail below. Ju some embodiments. the surfaces 
179 may be disposed at a s light angle with respect to each 
other, fonning a dovetail-like space for maintaining a c lose 
relationship between an elongate tool (not shown) that enters 
into the groove 174 at the arm top surface 169 and is 
slidingly received betweeu the surfaces 179. The surfaces 
179 tenninate al a lower surface 183 tl1at also partially 
defines tbe through aperture 177. l l1e surface 183 is 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 width as the groove 
174 there-above. resulting in the aperture J 77 having a 
substantially rectang11lar profile. The through apertures 177 
a re s ized w1d shaped for receiving tool ing and portions of the 
compression insert 14 as will be described in greater detail 
below. 

With particular reference to FIGS. 19. 22. 24, and 41. 
formed in the arm surfaces 176 and located on e itl1er side of 
the through apertures 177 are lateral crimping apertures 186. 
The four crimping apertures 186 are subs1m11ially circular in 
profile mid do not extend completely through the respective 

4. After the receiver 10 is pivotally attached 10 the shank 4, 
either before or after the shank 4 is implanted in a vertebra 
17. the axis B is typically disposed at an angle with respect 
10 the axis A , as shown. for example, in FIGS. 54-58. 60 a rms 160, but rather tenujnate at a location. between the ann 

outer surface 176 and the interior surface 166 to provide a 
crimping portion or wall 187. TI1e crimping portions or walls 
187 are sized m1d shaped for pressing or crimping some or 

Tue receiver 10 includes a substantially cylindrical base 
158 integral wi th a pair of opposed upstanding arms l 60. A 
cavity. generally 161. is located wi1l1i.J1 the base 158. The 
anns 160 form a cradle and define a U-shaped channel 1.62 
with an upper opening, generally 163, and a U-shaped lower 65 
seat 164, the channel 162 having a width for operably snugly 
receiving the rod 21 between tl1e anus 160. The cha1mel 164 

a ll of the wall material iuwardly onto from and rear surfaces 
of the insert 14 10 prohibit rotation and misalignmem of the 
insert .14 witl1 respect to the receiver 10 as will be described 
in greater detail below. 
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1l1e receiver 10 is a one-piece or integral structure and is 
devoid of any spring tabs or collet-like stmctures. Preferably 
tbe insert and/or receiver arc configured witb structure for 
blocking rotation o f the insert with respect to the receiver, 
such as the crimp walls 187. but allowing some up and down s 
movement of the insert with respect to the receiver during 
tl1e assembly and implant procedure. Also formed in each 
outer arm sur face J 7 6 near the top surface 169 is an undercut 
tool receiving and engaging groove 189. Some or all of the 
apertures and grooves described herein. including, but not 10 
limited to grooves 174, apertures 177, and grooves 189 may 
be used for holding the receiver JO during assembly with the 
insert 14, the retainer 12 and the shank 4; during the 
implamation of the shank body 6 into a vertebra when the 
shank is pre-assembled with the receiver 10; during assem- 15 
bly of the bone anchor assembly 1 with the rod 21 and tlie 
closure structure 18: and during lock and release adj ustment 
of inserts accord ing to the invent ion with respect to the 
receiver l 0. either into or ou t of frictional engagement with 

14 
cavity 161. The surfaces 197. 198, a11d 199 form an abut-
ment or ceiling sto p for the retainer 12 as will be described 
in greater detail below. The ceil ing surface 199 mns sub-
stantially perpendicular to the axis 8 . Cut or otherwise 
formed into the surfaces 197,198, and 199 under one oftbe 
a rms 160 is a curved c-shaped notch, creating a substantially 
cylindr ical surface 200 having a radius greater than a radius 
of the surface 198, the opening partially defined by the 
surface 200 providing clearance within the assembly I , 
allowing the retainer 12 to move above tl1e surface 197 when 
the shank 4 and anached retainer 12 are pivoted at a favored 
angle, for example, as shown in PIG. 58 and discussed in 
more detail below. 

As stated above, the surface 199 is substantially annular 
and defines an upper ceiling or stop of a retainer 12 
expansion portion or chamber of the inner cavity 161 that is 
li.irther defined by a substantially spl1erical surface 202 that 
is adjace m 10 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 
as the shank 8 is moved upwardly toward the cbaU1Jel 162 
during assembly. Located below and adj acent to the spheri-
cal surface 202 is another curved surface 203 extending 
downwardly and inwardly toward the axis B. ·111e surface 

the inner surfaces of the receiver 10 as wi ll be described in 20 
greater detail below. It is foreseen that tool receiving 
grooves or apertures may be configured in a variety of 
shapes and sizes and be disposed at other locations on the 
receiver arm 160 outer surfaces 176 and/or inner surfaces 
166 as well as surfaces defining the base 158. 25 203 is illustrated as spherical, but in some embodimems the 

surface may be frnsto-conical. Tl1e surface 203 is a seating 
surface for the retainer 12. the surface 203 slidingly receiv-
ing the retainer 12 until the retainer is frictionally locked 

Returning to the imerior ann surfaces. generally 166. of 
the receiver arms 160, located below the discontiuuous 
guide and advancement strucn,re 168 is a discontinuous 
cylindrical surface 190 partially defining a nm-out feature 
for the guide and advancement structure 168. Adjacent to 30 
and above the surface 190 is a discontinuous upper aU1Jular 
cei ling surface 191. Tbe upper annular surface 191 includes 
the surface 182 that partially defines the aperture 177 and 
also includes bottom surfaces of the guide and advancement 
structure 168. Also adjacent to and below the surface 190 is 35 
a discontinuous annular surface or step 192 that in n,m is 
adjacent to a discontinuous frnsto-conical surface 193 that 
extends from the surface 192 inwardly toward tl1e receiver 
central axis B. Adjacent the surface 193 is another substan-
tia lly cylindrical d iscontinuous surface 194 tliat may in some 40 
embodimellls rllll frusto-conical either toward or away from 
the axis B, depending upon, for example. clearance require-
ments for the top loading of assembly components, such as 
tl1e retainer a nd a compression insert or inserts and also 
modifying (enlarging or reducing) a thickness for the crimp- 45 
ing walls 187. i f desired. In the current embodiment. the 
surface 194 terminates al' a small discontinuous ledge or lip 
195 directed inwardly toward tbe ax is B. The through 
apertures 177 extend through both the cylii1drical surfaces 
190 and the surfaces 1.93 a nd 194. A cylindrica l surface 1.96 50 
is adjacent to and nms downwardly from the lip 195 towards 

against the surface 203 when downward pressure is placed 
on the shank 4 by the insert 14. A cylindrical surface 204 is 
adjacent the spherical surface 203 and au outwardly flaring 
surface 205, illustrated as fmsto-conical, spans between the 
cylindrical surface 204 and a bottom surface 206 of the 
receiver JO. '111e surface 205 communicating with the bot-
tom surface 206 to define a lower opening. generally 207 
into the receiver base inner cavity 161. The cylindrical 
surface 204, as well as tl1e frusto-conical surface 203 arc 
sized and shaped to be smaller than an upper outer radial 
dimension of the retainer 12 when the retainer 12 is fixed to 
the shank upper portion 8, so as to form a restriction to 
prevem the strncn1re 12 and attached shank portion 8 from 
passing through the cavity 161 and out the lower exterior 
206 of the receiver 10 during operation tl1ereof. 

In various embodiments of the invention. a cut-out or 
a perture made of one or more notches or curved, cupped or 
stepped surfaces may be cut into or otherwise formed in a 
portion of the base surfocc 206, as well as in portions of the 
surfaces 202, 203, 204, and 205. the cupped or stepped 
surfaces being iypically located substantially centrally and 
directly below one of the arm 160. Such a cupped or stepped 
surface or surfaces may be sized and shaped for providing 
clearance for an increased angle of articulation between the 
shank 4 and the receiver 10 in a particular or desired 
direction. ln the present embodiment, one such arrangement 
of stepped surfaces. generally 208 is illustrated. In particu-
lar, the cut-out portion 208 includes a plurality of graduated. 
partially annular surfaces 209 collllect ing with a plurality of 
gradua ted partially planar aad partially curved surfaces 210. 
the surfaces 209 and 210 defining edges for gripping the 

the base cavity 161. A lower portion of the cylindrica l 
surface 196 is continuous and thus partially defines the base 
cavity 61.. TI1e cylindrical s urface l 96 has a d iameter smaller 
than a dian1eter of the cylindrical surface 190, but larger 1ha11 55 
a diameter of the surface 194. The receiver inner arm 
surfaces 166 may further include other sloped. stepped or 
chamfered surfaces between tl1e cylindrical surfaces 190, 
194, and 196 as desired for ease in assembly of the other top 
loaded components. 

With particular reference to FIGS. 23-25. the cont inuous 
portion of the inner cylindrical surface 96 1en11ina1es al a 
downwardly sloping, annular ledge surface 197 tl1at extends 
from rhe surface 196 and mns inwardly toward the receiver 
axis B. ·n 1e surface 197 tenninates at a substant ially cylin- 65 
drical surface 198. The surface 198 terminates at another 
annular s urface 199 that faces a lower portion of the receiver 

60 shank 4 as shown, for example in FIG. 58. Tbe cut-out 208 
is located directly below the cut-out portion 200 that pro-
vides clearance for the re tainer 12 during such a favored 
angle pivoting of the shank 4 and attached retainer 12. 

With particular reference 10 FIGS . .18 and 26-29, the open 
retainer 12 that operates to capture the shank upper portion 
8 within the receiver 10 has a central axis C that is 
operationally the same as tbc axis A associated with the 
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shank 4 when the shank upper portion 8 and the retainer 12 
16 

locked position. 1be body 256 is integral with a pair of 
upstanding arms 257. Located between the am1s 257, the 
body 256 has au outer partial cylindrical surface 258. Each 
a rm outer surface is substantially cylindrical in profile but is 

are installed within the receiver 10. The retainer 12 is made 
from a resi lient material, such as a stainless s teel or titanium 
alloy. so that the re tainer 12 may be expanded during 
assembly as will be described in greater detai l below. 
However, because there is lillle or no need to compress the 
retainer 12 during asse111bly, the opening or slit that ,1llows 

s made from a variety of facets or faces as well as cut-outs to 
provide for c learance with other components o f the assem-
bly 1. 

Located on d1e body 256 below each upstanding ami 257 
is a substantially cylindrical interference fit surface or band 

for expansion of the retainer 12 is designed to be very 
narrow, advantageously providing substanria l or almost fi.,11 
surface contact between the retainer and die shank upper 
portion 8 and also between the retainer and the receiver 
sealing surface 203. 

'Ilic retainer 12 has a central channel or hollow through 
bore. generally 221. that passes entirely through the stmc-
ture 12 from a top surface 222 to a botlom surface 224 
thereof. The bore 221 is primarily defined by a discontinu-
ous illllcr cylindrical surface 225 that nms from the top 
surface 222 10 the bottom surface 224. In some embodiments 

10 159 that extends outwardly from and between an upper 
cylindrical surface 260 and a lower cylindrical surface 261. 
The lower surface 261 is adjacent to an ammlar bottom 
surface 264 of the insert 14. Each upper cylindrical s urface 
260 partially defines one of the insert arms 257. The 

15 interference fit band 159 mus substant ially parallel to the 
bottom surface 264. A diameter of the insert 14 measured at 

of the invention. notches or grooves may be fom1ed in the 
inner ancVor bottom surfaces to more evenly d istribute stress 20 
across the entire retainer during expansion thereof. The 
retainer 12 further includes an outer substantially spherical 
surface 227 n111ning between the top s urface 222 and the 
bot1om surface 224, the surface 227 has an identical or 
substantially similar radius as the receiver seating surface 25 
203 and a lso the shank lower spherical surface 134. ·n ie 
resilient retainer 12 further includes first and second end 
surfaces. 230 and 231 disposed in spaced relation to one 
another when the retainer is in a neutral state. Doth end 
surfaces 230 and 231 are disposed substantially perpendicu- 30 
Jar to the top surface 222 and the bottom surface 224. The 
embodiment shown in PIGS. 26-29 illustrates the surfaces 
230 and 231 as substanti ally parallel, however, it is foreseen 
that it may be des irable to orient the surfaces obliquely or at 

the baud surface 259 is larger dian a diameter measured at 
surfaces 260 o r 261. As best shown in FIG. 36, in the 
illustrated embodiment, the bottom surface 264 is disposed 
a t an angle with respect to the lower surface 26 L but may 
be perpendicular to the lower surface 2-61 in o ther embodi-
ments. The insert 14 further includes substantially planar 
ann rop surfaces 265 located opposite the bottom surface 
264. The arms 257 are each further defined by substantially 
planar front and rear surfaces 266 that run from the top 
surfaces 265 to the bottom surface 264. At die bottom 
surface 264, the front and rear surfaces 266 are narrow due 
to clearance cut-outs 267 located at each corner oft.he insert 
14. Each ann 257 also includes an outwardly extending 
wing, generally 268 located centrally on and extending 
outwardly from an upper cylindrical surface 269 of die ann 
257, the surface 269 being adjacent 10 the arm top s urface 
265. Each arm top surface 265 also extends along the 
respective wing 268 10 a substamially cylindrical outer 

a s light angle to the top and bollom surfaces. 
With particular reference to FIGS. 18 and 30-36, the 

locking compression insert 14 is illustrated that is sized and 
shaped to be received by and down-loaded into the receiver 

35 surface 270. Each wing is also defined by a lower surface 
27 J and opposed planar side surfaces 272, the upper surfaces 
265 and die lower surfaces 271 being substantially parallel 
to one another. The juncture between the planar side surfaces 

10 at the upper opening 166. 111e compression insert 14 has 
an operational central axis that is the same as the central axis 40 
B of the receiver 10. ln operation, the insert advantageously 
frict iona lly 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 a desired angu lar 
position with respect to the receiver 10 that remains in such 45 
locked po~it ion even i f, for example, a rod and closure top 
are later removed and the rod is replaced with another rod or 
other longitudina l connecting member or member coLnpo-
nent, such as a sleeve of a tensioned cord com1ccting 
member. Such locked position may also be released by the so 
surgeon if desired with insert engaging tools (not shown). In 
some embodiments of the invention, an alternative insert is 
provided that does not have the receiver interference fit 
feature, but is otherwise substantially similar to the insert 14. 
Such an insert includes outer surfaces that are slidingly 55 
received along the receiver 10 surfaces defining the arms 
160 and the cavity 161. Tue locking insert 14 (as well as the 
non-locking alternative insert not shown) is preferably made 
from a solid resilient material, such as a stainless steel or 
titanium alloy, so that portions of the insert 14 may be 60 
grasped, pinched or pressed, if necessary, and mi-wedged 
from the receiver 10 wi th a release tool (not shown). 

'[be Jocking compression insert 14 includes a body 256. 
with cylindrical surfaces of a variety of diameters as well as 
planar surfaces and chamfers and cut-outs to provide clear- 65 
ance between t.he insert 14 and the retainer 12 during various 
steps of assembly as well as when the assembly 1 is in a final 

272 and the cylindrical surface 270 may include one or more 
chamfered, planed, or otherwise angled or curved surface to 
aid in rotational assembly of the insert 14 within the receiver 
10. 11ie opposed side surfaces 272 generally span between 
top and bottom surfaces 265 and 271 respectively, of each 
wing 268, the side surfaces 272 being substantially perpen-
dicular to 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 described in greater detail below. The illustrated wings 
268 include indicato r stripes 273 that provide a surgical staff 
with an indicat ion of the location of the insert 14 with 
respect to the receiver l O during surgery. For example, the 
locat ion of the stripe 273 with respect to the receiver 10 
indicates whether the insert 14 is in a non-floppy, but 
movable. frictional engagement with the shank bead 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 surfoce 270 that is visible when the wings 
268 are extending through die n.>cciver apertures 177. 

Returning to the i1uJer surfaces of the insert 14, a through 
bore. generally 275, is disposed primarily within and 
through the body 256 and communicates with a generally 
U-shaped tbrougl1 channel fom1ed by a saddle surface 278 
that is substantially defined by the upstanding am1s 257. 
Near the top surfaces 265, the saddle surface 278 is sub-
stantially p lanar. The saddle 278 has a curved lower seat 279 
sized and shaped to closely, snugly engage the rod 21 or 
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of implants utilized in reconstnic1ive spinal surgery, btn is 
typically a cylindrical, elongate stn1cture having the outer 
substantially smooth. cylindrical surface 22 of unifonn 
diameter. The rod 21 may be made from a variety o f metals. 

other Jongirudinal connecting member. It is foresee□ that an 
alternative embodiment may be configured to include pla□ar 

holding surfac{.-s th!ll closely hold a square or rectangu lar bar 
as well as hold a cylindrical rod-shaped. cord, or s leeved 
tensioned cord longi111dinal connecting member. A pair of 
opposed, inwardly facing grooves or apertures 280 are 
located in rhe ~addle 278 beginni□g near a juncture of the 
substantially planar upper portion of the saddle 278 and 
extend ing toward the curved lower seal 279. The grooves 
280 are sized and shaped to receive tooling for rotation, 
locking, tmlocking and other manipulation of the insert 14. 

5 metal alloys and defomiable and k-ss compressible plastics. 
including, but not limited to rods made o f elastomeric. 
polyetheretherketone (PEEK) and other types of materials. 
such as polycarbonate urethanes (PCU) and polyethylenes. 

Longitudinal connecting members for use with the assem-

Il1e bore, generally 275, is substantially defined at the 
body 256 by an inner cylindrical surface 282 that commu-
nicates with the seat 279 and a lso communicates with a 

10 bly 1 may take a variety of shapes. including but not limited 
to rods or bars of oval. rectangular or other curved or 
polygonal cross-section. The shape of the insert 14 may be 
modified so as lo closely hold the particular longitudinal 

lower concave. radiused or otherwise curved portion 284, 15 
that in some embodiments may include shank gripping 
surfaces or ridges, the surface port ion 284 generally having 
a radius for closely mating with the surface 144 of the shank 
upper port ion 8. The porrion 284 1enni1ia1es at the base 
surface 264. It is foreseen that the lower shank engaging 20 
po rtion 284 may additionally or alternatively include a 
roughened or textured surface or surface finish, or may be 
scored. knurled. or the like. for enhimcing frictional engage-
ment witl1 the shank upper portion 8. Fonned in a portion of 
the surface 284 and in a portion of the bottom surface 264 25 
is a notch 286 sized and shaped to receive a portion of the 
retainer 12 when tbe shank 4 and attached retainer 12 are 
pivoted into a favored angle position as shown. for example, 

connecting member used in the assembly 1. Some embodi-
ments of the assembly 1 may a lso be usod with a tensioned 
cord. Such a cord may be made from a variety of materials. 
including polyester or other plastic fibers, Sl.r'Jnds o r threads. 
such as polyethylene-terephthalate. Furthe nnore, the longi-
tudinal connector may be a compone!ll of a longer overall 
dynamic stabilization connecting member, with cylindrical 
or bar-shaped portions s ized and sbapL-d for being received 
by the compression insert 14 of the receiver having a 
U-shaped_ rectangul11r- or other-shaped channel. for closely 
receiving !he longitudinal connecting member. 'TI1e longi111-
dinal connecting member may be integral or otherwise fixed 
to a bendable or damping component that is sized and 
shaped to be located between adjacent pairs of bone screw 
assemblies 1, for example. A damping component or btm1per 
may be altachcd to the longitudina l connecting member a l in FIG. 58. The notch 286 is located directly beneath one of 

the arms 257 and has a geometry for receiving a portion of 
the top 222 and outer spherical surface 227 of tl1e retainer 12 
when the shank upper portion 8 is fully locked into place by 
the insert surface 284 and the shank 4 is pivoted toward the 
receiver cut-out 208. 

30 one or 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 variety of materials ranging from 
deformable plastics 10 hard metals, depending upon 1he 
des ired applicat ion. Tints, bars and rods of the invention may 

Tue compression insert 14 through bore 275 is sized and 
shaped to receive a driving tool (not shown) therethrough 
tl1at engages the shank drive feature 146 when tl1e shank 
body 6 is driven inlo bone witl1 the receiver 10 anached. 
Also. in some locking embodiments of the invention, the 
bore receives a manipulation tool (not shown) used for 
releasing the insert 14 from a locked position with the 
receiver 10. the tool pressing down on tl1e shank head 8 and 
also gripping the insert 14 at the apertures 280. or with other 
tool engaging features. Each of the anns 257 and the insert 
body 256 may include more surface feati1res. such as cut-
outs no1ches. bevels_ etc. 10 provide adequate clearance for 
inscrti □g the insert 14 into the receiver and cooperating with 
the retainer 12 during tl1e differen1 assembly steps as will be 
described in greater dctai I below. 

35 be made of materials including, but not linlited 10 metal and 
metal alloys including but not limited to stainless steel. 
titailium, titanium alloys and cobalt chrome; or other suit-
able materials, including plastic polymers such as 
polyetherctherketone (PEEK). ultra-high-molecular wcight-

40 polyethylene (UL-IMWP), polyurethanes and composites, 
including composites containing carbon fibe r. natural or 
synthe tic elastomers such as polyisoprene (natural mbber), 
and synthetic polymers. copolymers, and thermoplastic elas-
tomers. for example, po lyure thane elastomers such as poly-

45 carbonate-urethane elastomers. 

·nie insert body 256 cylindrical surface 258 has a diam- so 
eter slightly smaller than a diameter between crests of the 
guide and advancement structure 168 of the receiver 10, 
allowing for top loading of the compression insert 14 into 
the receiver opening 163, with the am1s 257 of the insert 14 
being located between the receiver arms 160 during inser- 55 
tion of tl1e insert 14 into the receiver 10 as shown, for 
example. in FIG. 38. Once the anus 257 of the i□serl 14 are 
generally located beneath the guide and advancement struc-
11tre 168. the insert 14 is rotated into place a bout the receiver 
axis B with the wings 268 entering the receiver groove 60 
formed by the cylindrical surface 190. the adjacent upper 
annular surface l 91 a nd the adjacent lower annular surface 
J 92 until the wings 268 arc located in the a perl11res 177 as 
will be described in greater detail below. 

With reference to FIGS. 18 and 48-50. the illustrated 65 
elongate rod o r longitudinal connecting member 21 (of 
which only a portion has been shown) can be any of a variety 

Preferably, the receiver l 0, the retainer 12 and the com-
pression insert 14 arc assembled at a factory selling that 
includes tooling for holding, alignment and manipulation of 
the component pi{.-ces, as well as crimping a portion of lhe 
receiver l 0 1oward the insert 14. ln some c ircumstances, the 
shank 4 is also assembled with tl1e receiver 10. the reta iner 
12 and the compression insert l4 at the factory. In other 
instances. it is desirable to first implant !he shank 4. followed 
by addit ion o f rbe pre-assembled receiver, retainer and 
compression insert al the insertion point (see. e.g .. FIG. 42). 
In this way, the surgeon may advantageously and more 
easily implant and manipulate the shanks 4, distracl or 
compress the vertebr.ie 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 desirab le 
for the surgical staff lo pre-assemble a shank ofa desired size 
and/or variety (e.g., surface treatment of roughening 1he 
upper portion 8 and/or hydroxyapatile on the shank 6), with 
the receiver. retainer and compression insen . Allowing the 
surgeon to choose the appropriately sized or treated shank 4 
advantageously reduces inventory requirements, thus reduc-
ing overall cost. 
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Pre-assembly of the receiver 10. retainer 12 and compres-
sion insert 14 is shown in FlGS. 37-41. With particular 
reference to FIG. 37, first the retainer 12 is inserted into the 
lower receiver opening 207, leading with the outer surface 
227, the top surface 222 slightly angled to face upwardly and s 
toward one arm 160 that is located above the stepped, 
cut-out 208. The retainer 12 is then moved upwardly and at 
an angle toward the annular ceiling surface 199 located 
opposite the cut-out surface 200 and then past the stepped 
cut-out 298 in such an angled and upward manner into the Io 
chamber 161, followed by tilling the retainer 12 such that the 
top surface 222 is moved into a position within the receiver 
cavity 161 axially aligned with the receiver ax.is 8 and 
spaced from the surface 199. Then the retainer 12 is allowed 
to drop until the retainer spherical surface 227 is seated 011 t5 
the receiver spherical surface 203 as shown in FIG. 38. 

Also with reference to FIG. 38 and wilh forther reference 
to FIGS. 39 and 40, the. compression insert 14 is then 
downloaded into the receiver 10 through the upper opening 
163 with the bonom surface 264 initially facing the receiver 20 
am, top surfaces 169 a.ucl the insert a mis 257 located 
between the opposed receiver arms 160. ·111e insert 14 is then 
lowered toward the channel sear 164 until the insert 14 arm 
upper surfaces 265 are adjacent the receiver ann i1u1er 
surfaces located below Lhe guide and aclvaucement stmc- 25 
tures J 68. Thereafter. the insert 14 is rotated in a clockwise 
or counter-clod.-wise maw1er about the receiver ax.is 8 un til 

20 
for the placemem and angle of the shank 4 with respect to 
the vertebra. A forther lap hole may be made using a lap with 
the guide wire as a guide. Then, the bone screw shank 4 o r 
the eutire assembly 1 is threaded onto the guide wire 
utilizing the cammlation bore J 51 by first threading the wire 
into the opening a1 the bottom 128 and then out of 1l1e lop 
ope,ting at the drive feature l SO. The shank 4 is then driven 
i;1to the vertebra using the wire as a placement gu ide. 11 is 
foreseen that the shank and other bone screw assembly parts, 
the rod 21 (also having 11 ccutrnl lumen iu some embodi-
ments) and the closure top 18 having the central bore 62 can 
be inserted in a percutaneous or minimally invasive surgical 
manuer. utilizing guide wires. When the shank 4 is driven 
into the vertebra 17 without the remainder of the assembly 
1, Lhe shank 4 may e ither be driven to a clesir<-xi fina l location 
or may be driven 10 a location slightly above or proud to 
provide for ease io assembly with tbe pre-assembled 
receiver. compression insert and retaiuer. 

With fortber reference 10 FIG. 42, the pre-assembled 
receiver, insert and retainer are placed a bove Lhe shank upper 
portion 8 until the sha1tk upper portion is received within the 
opening 207. With paniculiir re!erence 10 FJGS. 43-45, as 
the shank upper portion 8 is moved into the interior 161 of 
the receiver base. the shank upper portion 8 presses 
upwardly against the re tainer 12 in the recess partially 
defined by the spherical surface 202. As Lhe portion 8 
continues to move upwardly toward the chruu1el l 62, the 
shank surface 144 forces outward movement of the retainer 

the upper ann surfaces 265 are directly below the g11ide and 
advancement structure 168 of each arm as illustrnted in FIG. 
40 with the U-shaped chaw1el 278 of the insert 14 aligned 
wilh lhc U-shapcd channel 162 of the receiver J 0. In some 
embodiments, the insert arms 257 may need 10 be com-
pressed slightly during ro1a1ion to clear illller surfaces of the 
receiver arms J 60. As the insert 14 is ro1a1ecl a bout the axis 
B, the iuscn wiugs, generally 268 slicl ingly rotate within the 
circular groove formed by the receiver surfaces 190. 191 , 
and 192. 

30 12 towards the surface 202 in the receiver expansion cham-
ber or area as Lhe shank 4 presses the retainer 12 up against 
1be receiver rumular ledge surface or ceiling 199. The 
reiainer 12 initially expands about the shank lipper spherical 
surface 144 and then slides along the cylindrical surface 142, 

With particu lar reference to FIGS. 40 ru1cl 41 , al this time, 
the four crimping wall portions 187 are pressed inwardly 
towards the insert 14 and c rimping wall material tlms 
engages the insert near front and rear surfaces 266 thereof, 
specifically at the four surfaces or facets 267 as best shown 

35 and finally snapping or popping into the recessed cylindrical 
surface l 38, the surface 225 o f the retainer 12 folly con-
tacting and fiictionally engaging the cylindrical surface 138 
between the shank lower ledge J 36 and the upper ledge 140. 
At this time, the retainer 12 is in a neutral or slightly 

40 expanded state, fully snapped onto the shank upper portion 
8 with bolh the retainer 12 and shank upper portion 8 in 
pivotal relation with the receiver 10. 

Wilh reference to FJG. 46. the shank 4 and attached 
reiaine r 12 are then moved downwardly into a des ired 
position with the retainer seated on the surface 203. With 
reference to F!G. 47, the insert 14 may be pressed down-
wardly by a tool (not shown) entering at the receiver grooves 
174. for example, and pressing clown on the in.sen wings 
268, to result in a frictional engagement between the insert 
inner spherical surface 284 and the shank upper domed 
surface 144 to an exlent that the shank is pivotable wilh 
respect to the receiver, but in a non-Ooppy manner. The 
insert 14 remains iu such positiou due to interference fit 
engagement between the insert outer band surfaces 259 and 

in FIG. 41. TI1e crimping wall material of the wall 187 
pressing against rbe insert 14 al a total of four locations 
!hereby prohibits tl1e insert 14 from rotating with respect to 45 
the receiver axis B. At this time. there can be some upward 
and downward movement of Lhe insert 14, but such move-
ment is limited as lhe upper wall 182 defining the receiver 
aperture 177 (tliat is also ihe surface 191) stops further 
upward movement of the insert wings 268. Downward 50 
movement of the insert 14 is prohibited 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 wit11 the 
separate shank 4 and also ready for assembly with the shank 55 the receiver cylindrical surfaces J96. Alternatively, the insert 

14 may be pushed into such interference fit by a rod 21 and 
closure top 18. Typically, tools are first used lo provide the 
non-floppy arrangement between rhe insert 14 ,uicl the shank 
head 8. followed by performing a locking engagement 

4 either at the factory, by surgery staff prior to implrultation, 
or directly upou an implanted shank 4 as will be described 
hereiu. 

As ilJustratcd in FIG. 42, the bone screw shank 4 or an 
entire assembly I made up of the assembled shank 4, 
receiver 10, retainer 12 and compression insert 14. is 
screwed into a bone , such as the vertebra 17. by rotation of 
the shank 4 using a suitable driving tool (not shown) that 
operably drives and rotates the shank body 6 by engagement 
thereof at the internal drive 150. Specifical ly. the vertebra 17 
may be pre-drilled 10 minimize stress ing the bone and have 
a guide wire (not shown) inserted therein to provide a g11ide 

60 util izing t11c rod 21 and closure top 18 as shown in FIG. 48. 
In some embodiments, when the receiver 10 is pre-as-
sembled with the shank 4, the entire assembly I may be 
implanted after the insert 14 is pressed in to non-floppy 
frictional engagement with the shank head 8 by inserting the 

65 driving tool (not shown) into the receiver and the shank 
d rive 150 and rotating and driving the shank 4 inio a desired 
location of tl1e vertebra 17. 
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Again, with rcforcnce to FIG. 48 and also FIG. 49, the rod 
22 

is aligned with the axis 13 of the receiver. FIG. 52 shows the 
shank 4 pivoted laterally of the receiver cul-out portion 208 
in a11 eighteen degree cephalic relationship. FIG. 53 shows 
the shank 4 pivoted away from the receiver cut-out portion 

21 is eventually positioned in an open or percutaneous 
manner i11 coopcraiion with the a t least two bone screw 
assemblies l. The closure structure 18 is then inserted into 
and advanced between the arms 160 of each o f the receivers 
J 0. The closure structure 18 is rotated, using a tool engaged 
with the inner <lrive 56 until a selected pressure is reached 
at which point the rod 21 eng.1ges the U-shaped seating 
surface 278 of the compression insert 14, li.tr1her pressing 
the insert spherical surface 284 against the shank spherical 
surface 144, pressing the shank upper portion 8 and anached 
retainer 12 into locked frictional engagement with the 
receiver 10. With specific reference to FIGS. 3, 48, and 49, 

s 208 in an eighteen degree caudal relationship. FIG . 54 
illustrates the shank 4 being pivoted with respect to the 
receiver 10 i,1 an e ighteen <legree lateral relationship. FIG. 
55 shows the shank 4 pivoled toward the receiver cut-out 
portion 208 at a for1y-1wo degree medial by eight degree 

10 cephalic relationship. FIG. 56 shows the shank 4 pivoted 
toward the receiver c ut-out portion 208 at a forty-two degree 
medial relationship. FIGS. 57 and 58 show the shru.lk 4 
pivoled toward 1he receiver cul-out portion 208 at a forty-
two degree medial by eight degree caudal relationship. FIG. as the multi-start closure structure 18 rota tes and moves 

downwardly into the respective receiver 10, the rim 60 
engages and penetrates the rod surface 22. the closure 
structure 18 pressing downwardly against and biasing the 
rod 21 into compressive engagement with the insert 14 that 
urges the shank upper portion 8 and attached retainer 12 into 
locking e ngagement w ith the receiver. the retainer 12 spheri- 20 
cal surface 227 frictioually abuuing the spherical seating 
surface 203 of the receiver 10. For example, about 80 to 
about I 20 inch pounds of torque on the closure top may be 
applied for fixing the bone screw shank 6 with respect to the 
receiver 10. Also, for example, wi1h reference 10 FIGS. 25 
52-58, when the shank 4 is disposed at an angle with respect 

t5 58 also shows that in such a pivoted relationship between the 
shank 4 and tl1e receiver 10, a portion of the retainer 12 
moves past the receiver surfoce 200 and is received by the 
notch 286 in the insert 14. 

to the receiver 10, the lower spherical surface 134 of the 
shank upper portion 8 may also be in fric1ional engagement 
with a portion of the receiver spherical seating surface 203. 
The retainer 12 may also expand slightly upon locking, 30 
providing a Juli and secure frictional locking cngagcmen1 
with tbe receiver al the surface 203. 

If removal of tbe rod 21 from any of the bone screw 
assemblies 1 is necessary, or if it is desired to release the rod 

With reference to FIGS. 9 and J 0. an alternative closure 
top 18' is shown that is almos1 identical to the closure top 18. 
However, the top 18' diUers from tbe top 18 in that the top 
18' includes a break-off head 70' that further includes a top 
surface 72' having tooling notches 73'. an outer faceted 
driving surface 74', illustrated as having a hex-shaped pro· 
file. and an ill.Iler bore 76'. Otl1erwise, the closure top 18' 
includes a body 40'. a first helical fonn 42', a second helical 
form 43', a body top surface 54', a body intemal drive 56'. 
a base 58'. a rim 60'. a cannulation bore 62' and a drive base 
surface 63' that is the same or substan1ially similar 10 the 
respective body 40, first helical form 42. second helical fonu 
43, body top surface 54, internal drive 56. base 58, rim 60, 
canuulation bore 62 and drive base surface 63 previously 
described herein with rcspecr to the closure top 18. The 
break-off head 70' is integral with the body 40' at the body 
top surface 54'. The illller bore 76' coauuunicates with the 
inner drive 56' and the cannula1ion bore 62'. The break-off 
head 70' is designed to allow such head 70' to break from the 
body 40' at or near the top sur face 54' at a preselected torque, 
for exruuple. 70 to 140 inch pounds, when a hex-shaped tool 

21 at a particular location, disassembly is accomplished by 35 
using the driving tool (not shown) that mates with the 
internal drive 56 on the closure strnctme 18 to rotate and 
remove such closure strucn1re from the cooperating receiver 
10. Disassembly is then accomplished in reverse order to the 
procedure described previously herein for assembly. 40 (not shown) engages the outer surfaces 74' and drives the 

closure slrnctmc 18' into the receiver 10 as shown in FIG. 9. 
The inne r drive 56' is used for disassembly o r loosening of 
the closure 18' from tl1e receiver 10. and re-tigh1ening, if 

With further reference to FIG. 49 and also with reference 
to FIG. SO, at this time. the closure top 18 may be loosened 
or removed and/or the rod 21 may be adjusted and/or 
re moved and the frictiona l e11gageme111 between the insert 
14 and the receiverl0 a l the receiver surface 196 will remain 45 
locked in place, advantageously maintaining a locked angu-
lar position of the shank 4 wi1b respect to the receiver 10. 
·n1us, at this time, another rod, such as the defomiable rod 
21' and coopera1ing a lternative multi-start c losure top .18' 
may be loaded onto the already locked-up assembly to result 50 
in an alternative assembly. It is noted that the closure drive 

Deeded. 
Wi1h reference to FIG. lL another ahernative nrnl1i-star1 

closure top 3.18 is shown that is almost identical 10 the 
closure top 18 with the exception that the two Hange fonns 
42 and 43 with respective starts 46 ru1cl 47 have been 
replaced with square threads 342 and 343 with respective 
starts 346 (not shown) and 347. Otherwise, the dua l or 
double start closure lop 318 includes a body 340, a body top 
surface 354, a body internal drive 356, a base 358, a rim 
360', a cannulation bore 362 and a drive base surface 363 
that is the same or substantially simi lar to the respective 

56' may advantageously be made smaller llian the drive of 
the closure 18, such that the deformable rod 21' is not unduly 
pressed or deformed during assembly since the polyaxial 
mechanism is already locked. 

With reference to FIGS. 51-58, prior to locking the insert 
14 againsl the shank head 8, the shank 4 may be pivoted to 
a plurality of potemially desirable positions with respect to 

55 body 40. body top surface 54, internal drive 56. base 58, rim 
60. can nu lation bore 62 and drive base surface 63 previously 
described herein with respecl to the closure top 18. In FIG. 
11, the closure top 318 is shown partially wound i11to a 

the receiver 10. followed by locking of the polyaxial mecha-
oism by fo lly mating the multi-start closure top 18 with the 60 
receiver 10. For example, different angu lar or articulated 
positions of the shank 4 with respect ro the receiver 10 are 
shown. some making Juli use of the stepped cut-out 208 and 
the c-shaped groove forming the surface 200 of the receiver 
and/or the notch 286 of the insert 14. For reference, FIG. 51 65 
illustrates a zero degree relationship between the shank 4 
and 1he receiver 10. ln other words. the axis A of the shank 

polyax.ial bone screw receiver 310 having opposed anus 360 
with inner surfaces equipped with guide aud advancement 
stn1ct11res 368 that arc sized and shaped to sinrnltaueously 
closely receive and mate with the square threads 342 and 
343 of the double closure structure 318. Otherwise, the 
receiver 310 is identical or substantially s imilar 10 the 
receiver 10. 

With reference to FIG. 12, an alternative multi-star! 
closure top 418 is shown that is almost identical to the 
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closure top 18 with the exception that the two flange forms 
42 and 43 with respective starts 46 and 47 have been 
replaced with reverse angle threads 442 and 443 with 
respective starts 446 (not shown) and 447. Otherwise, the 
dual or double start closure top 418 includes a body 440, a s 
body top sur face 454, a body internal d rive 456, a base 458, 
a rim 460'. a caLrnulatiou bore 462 and a drive base surface 
463 that is the same or substantially similar to the respective 
body 40, body top surface 54. internal dr ive 56, base 58. r im 
60. cannulation bore 62 and drive base surface 63 previously 10 
described herein with respect to the closure top 18. The 
closure top 418 is shown partially woU11d into a polyaxial 
bone screw receiver 410 having opposed anus 460 with 
inner surfaces equipped with guide and advancement stmc-
tmes 468 that are sized and shaped to simultaneously closely 15 
receive and mate with the reverse angle threads 442 and 443 
of the double start closure stmcture 418. Otherwise, the 
receiver 410 is identical or substa111ially similar to the 
receiver 10. 

24 
dual start closure 18 previously described herein. The break-
off extensions 761 arc initially integral with the respective 
am1s 760 and arc 1hen broken off by a user after the closure 
J 8 has been rota tingly advanced along the arm extensions 
761 and in10 tbc channel located between the receiver arms 
760. In the illustrated embodiment, in addition to an outer 
groove or notch 770 located at or near a top surface 769 of 
each of the arms 760 where the extensions 761 break olf 
from 1be receiver anns, illustrated inner ann surfaces include 
a recess or cut 771. best shown ill FlG. J 6, tlk~t mns 
substantially horizontally. Each recess 771 is curved and 
elongate and disposed somewhat cross-wise or transverse to 
the respective flange form 768. For example, with reference 
to the ann 760 shown in FIG. 16. the recess 771 cuts into a 
weakened region, generally 780, where the arm 760 joins 
with the respective attached adjacent extension 761, the 
curved and elongate recess 771 beginning at a lower portion 
or location 781 of the flange fonn recess or segment and 
lenninating at an opposed upper end location of the flange 

With reference to FIG. 13, a nother alternative multi-srart 
closure top 518 is shown that is i,lmost ident ical 10 the 
closure top 18 with the exception that the two flm1ge forms 
42 and 43 with respective starts 46 and 47 have been 
replaced with v-lhreads 542 and 543 witl1 respective starts 
546 (not shown) and 547. Otherwise, the dual or double start 
closure top 518 includes a body 540, a body top surface 554, 
a body internal drive 556, a base 558, a rim 560'. a 
cannulation bore 562 and a drive base surface 563 that is tlie 
same or substantially similar to 1he respective body 40, body 
top stuface 54, internal drive 56, base 58, rim 60, callllula-
tion bore 62 and drive base surface 63 previously described 
herein with respect 10 the closure top 18. The closure top 518 

20 form segment, while otherwise leaving the flange fonn 768 
intact. Stated in another way, the substantially horizontally 
extending recess 771 cuts into both a lead portion and a 
trai ling portion of each of 1he flange form segments located 
near and directly a bove the opposed arms 760 and substan-

is showu partialJy wound iJ1to a polyaxiaJ bone screw 
receiver 510 having opposed anns 560 w ith 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 start closure 
structure 518. Otherwise, lhe receiver 510 is identical or 
substantially similar to the receiver 10. 

Witl1 reference to FIG. 14, another alternative multi-start 
closure top 618 is shown that is almost identical to the 
closure top 18 with the exception that the two flange forms 

25 tially opposite the notch 770. thus forthcr weakening the 
region where the extension mid the ann attach. without 
destroying the flange form path. so that the closure 18 is not 
derailed by the recess 771 or otherwise prohibited from 
moving downwardly into the receiver chairnel formed 

30 between the receiver amJS 760. 
With reference 10 FIG. 17, the multi-start closure 18 is 

shown cooperating with a spinal implant receiver, such as a 
bone screw receiver 10' and a discrete. detachable guide tool 
801. Tbe elongate guide 100! 801. only partially shown in 

35 FlG.17. is typically sized forcx1ending from the bone screw 
receiver 10' upwardly to a location outside of a pat ient, the 
tool providing a guide channel for operably g11iding the rod 
21 or other longirudinal connecting member from a position 
exterior of the bone screw receiver 10' toward and into the 

40 bone screw receiver 10'. The illustrated guide tool has 
opposed arms 805. each arm having a he) ical guide and 
advancement stmcmre 810 thereon that is illustrated as a 
square thread form. but may be of oilier geometry. including 42 and 43 with respective starts 46 and 47 have been 

replaced with buttress threads 642 and 643 wi1b respective 
starts 446 and 447 (not shown). Otherwise, the dual or 45 
double start c losure rop 618 includes a body 640, a body top 
surface 654. a body internal drive 656. a base 658, a rim 
660', a canuulation bore 662 and a drive base surface 663 
that is the same or substanria lly similar 10 the respective 
body 40, body top surface 54, internal drive 56, base 58, rim 50 
60. canuulation bore 62 and drive base surface 63 previously 
described herein with respect to the c losure top 18. llie 
closure top 618 is shown partially wound into a polyaxial 
hone screw receiver 610 having opposed anns 660 with 
inner surfaces equipped with guide and advancement strnc- 55 
tures 668 that are sized and shaped to simultaneously closely 
receive and mate with the buttress threads 642 and 643 of the 
double start' closure structure 618. Otherwise. the receiver 
610 is identical or substantially similar to the receiver 10. 

a flange fonn the same or similar 10 the flange forms 168' of 
the receiver 10' that mates with the tlange forms 42 and 43 
of the closure structure 18. Thus, the illustrated stmc1ures 
810 are sized and shaped lor receiving and rotating engage-
ment with a dual start closure. l11e closure 18 is shown 
partially wound i11to the receiver 10' 1ha1 is identical o r 
substantially similar 10 the receiver 10 witl1 the exception of 
certain outer arm surface features (not shown). 1bus. the 
receiver 10' includes opposed arms 160' with inJJer surfaces 
having guide and advancement stmcrures 168' that are sized 
and shaped to simultaneously closely receive and mate with 
the flange forms 42 and 43 of the dual start closure strncture 
18. The guide tool 801 includes attaclunenl stmc1ure for 
detachable attachment to the receiver l0'(not shown). that 
may lake a variety of fom1s and methods. including. but nol 
limited lo a slide-on. slide-off attachment, a snap-on. rotate 

With reference to flGS. 15 and 16, au open receiver 710 
is illustrated that is substantially similar to the receiver 10 
previously described herein with the exception that the 
ri-ceiver 710 includes opposed arms 760, each having an 
integral upstanding break-off extension 761. Each receiver 
ann 760 and imegral extension 761 has an inner helically 
wound guide and advancement stmcture 768 that is sized 
and shaped to mate with the flange forms 42 and 43 of tlie 

60 off attachment. a rotate-on and rotate-off at'tachment, to 
nan1c a few. For example, cooperating attachment slmclurc 
for both the tool and the receiver may be used that is 
disclosed in U.S. Pal. No. 7,470.279 and incorporated by 
reference herein. Returning to the inner helically wound 

65 guide and advancement structure 810 fonned on each ann 
804 of the guide 100! 801, the structure 810 is sized and 
shaped for being aligned with the receiver arms 160' during 
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removable attachmeni of the iool 801 with the respective 
bone screw receiver 10' so as to continue the helical pathway 
for the closure 18, the structures 810 being synchronized 
with the flange forms 168' to a llow for the rotation and 
driving transfer of the closure 18 from the tool 80J into the 5 
receiver 10'. 

lt is 10 be understood that wliile cem,in fom1s of the 
present invention have been illustrated and described herein, 

26 
IO. l11c medical implant assembly of claim 9, wherein the 

first arm includes a first brcakoff extension coupled to the 
top surface of the first ann. and tbe second arm includes a 
second breakoff extension coupled to the top surface of the 
second anu, each of the first and second breakotf extensions 
including an inner surface having a discontinuously helically 

it is not to be limited to the specific fonns or arrangement of 
parts described and shown. 

"I11e invention claimed is: 
J. A medical implant assembly comprising: 
a receiver liaving an upper portion with an inner surface 

at least partial ly configured as a helically wound thread 
extending up to a top surface of the receiver, and a 
channel formed in the upper portion oftlic receiver and 
configured 10 recci vc a rod; and 

wmu1d thread form, the discont inuously helically wound 
thread form of the first breakolf extension configured to 
cooperate with the discontinuously helically wound thread 

10 of the first arm, and the discontinuously belically wound 
thread form of the second brcakoff extension configured to 
cooperate with the discontinuously helically wound thread 
of the second arm to rotatably transfer the plug thercbetwcen 

15 prior to the first and second breakoff extensions being 
separated from the lirst and second arms, respectively. 

11 . The medical implant assembly of claim I 0, wherein a 
first oute r radiused notch is located at a convergence of the 
first breakoff extension and the first arm at the top surface 

a plug being threaded and configured to be positioned 
within the upper portion, the plug having an axis of 
rotation, a cont inuously helically wound thread form, 
and a substantially Oat bonom surface with an annu lar 
outer edge, the substantially flat bouom surface con-
figured to engage the rod, the continuously belically 
wotu1d thread form having a start structure with an 
upper surface extending between a root and a crest of 
the continuously helically wound thread form, the start 
strncture having a leading face extending below the 
upper surface to a lower surface of the stan structure, 

20 thereof, and a secoud outer radiused notch is located at a 
convergence of the second breakoJJ extension and the sec-
ond arm at the lop surface thereof, the first outer radiusecl 
notch be ing located opposite a first illller rad iused recess. 
and the second outer radiusoo notch being located opposite 

25 a second illllcr radiuscd recess. 

the leading face including a partial concave surface 
adjacent the root and a partial convex surface adjacent 30 
the crest, the partial concave and part ial convex sur-
faces each defined by a radius of curvature that is 
subs1an1ially equal with respect to each o ther, the lower 
surface of the start structure being spaced apart and 
above tbe annular outer edge of the substantially flat 35 
bottom surface so as to not be connected with the 
annular outer edge thereof. 

2. The medical implant assembly of claim 1, wherein the 
partial concave surface tangentially blends with the partial 
convex surface. 

3. l11e medical implant assembly of claim l. wherein the 
stan strncture is a first start strncmre disposed at a diametri-
cally opposite location on the plug from a second start 
structure. 

40 

4. l11e medical implalll assembly of claim 1, wherein the 45 
leading face of the start structure includes a t least a partial 
planar surface. 

5. The medical implant assembly of claim 1, wberein the 
lower surface of the start stn1cture iJJcludes a boltot11 beveled 
surface. 

6, TI1e 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 root 
towards the crest. 

50 

7. Ibc medical implant assembly of claim 6. wherein a 55 
slope of the upper surface is at an angle greater than five 
degrees measured between a line drawn perpendicular to the 
axis of rotation of !lie plug and a tangeni line drawn tangent 
along tl1e upper surface. 

8. The medical implant assembly of claim 1, wherein the 60 
plug is a breakoff plug. 

9. The medical implant assembly of claim I . wherein the 
upper port ion of the receiver includes a first arm and a 
second arm spaced apart from each other by the channel , the 
helically wmmd thread being discontinuous and formed on 65 
the first and second am1s, the top surface of the receiver 
be ing fonned on the first ann and the second arm. 

12. A medical implan t assembly comprising: 
a receiver having an upper portion with an i,tner surface, 

a top surface. and a channel, the inner surface having a 
helically wound thread extending up to the top surface, 
!lie channel configured to rc.""Ceive a rod; and 

a plug configured for positioning within the upper portion 
of the receiver, the plug having an axis of rotation. a 
continuously helically wotmd thread form comprising a 
first tl1read and a second thread, a substantially Oat 
bottom surface with an annular outer edge, and an 
outward facing surface encircling the substantially flat 
bottom surface. the first thread comprising a first start 
strucn,re and a first upper surface extending between a 
first root and a first crest of the first thread. the first start 
strucn,re including a first leading face extending below 
the first upper surface to a first lower surface, the 
second thread comprising a second start structure and a 
second upper surface ex tending between a second root 
and a second crest of the second thread, the second start 
st ructure including a second leading face extending 
below the second upper surface to a second lower 
surface. the first and second leading faces each includ-
ing a partial concave surface adjacent tJ1e first and 
second root, respectively, and a partia l convex surface 
adjacent the first and second crest respectively. tJ1e 
partia l concave and partial convex surfaces of the first 
and second leading faces each defined by a radius of 
curvature, the first lower surface of the first thread and 
from the second lower surface of the second thread arc 
spaced above and apart from the annu lar outer edge of 
the substantially flat bottom surface of the plug. 

13. TI1e medical impl.1111 assembly of claim 12. wherein 
the first start strncturc and the second start strncturc are 
disposed at diametrically opposite locations from each other 
on the plug. 

14. ·nie medical implant assembly of claim 12, wherein 
the first leading face includes a first inflection point between 
the partial concave surface and the pania l convex surface of 
the first leading face, and the second leading face includes 
a second inflection point between the panial concave surface 
and the panial convex surface of the second leading face. 



US 11,129,646 B2 
27 

15. The medical implant assembly of claim 12, wherein 
the first and second leading faces each includes at least a 
partial planar surface. 

16. The medical implant assembly of cla im 12, wherein 
tJ1e first lower surface includes a first bouom beveled surface s 
and the second lower surface includes a second bottom 
beveled surface. 

17. The medical implant assembly of c la im 12, wherein 
the plug is a breakoff plug. 

18. ·n1e medical implant assembly of c laim 12. wherein 10 
the upper portion of the receiver includes a first ann and a 
second arm spaced apart from each other by the channel , the 
helically wound thread being discontinuous and formed on 
the first and second arms, the top surface of the receiver 
being fom1ed on the first ann and the second arm. 15 

19. The medical implant assembly of claim 18. wherein 
the top surfoces of the first and second am1s each include a 
breakoff extension with an inner surface having a discon-
tinuously helically wound thread form, the first and second 
am, breako:ff extension thread forms being continuous with 20 
tl1e respective disconti nuous helically wound thread form on 
the inner surface of the first and second anus. 

20. The medical implant assembly of cla im J2. wherein 
the radius of curvature for the par1ial concave and par1ial 
convex surfaces of the first and second leading faces are 25 
substantially equal with respect to each other. 

* * * * * 
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