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DORSAL ADJUSTING MULTI-ROD CONNECTOR

The present disclosure generally relates lo adjustable conneclor apparatus used for
connection of tissue andfor implants with spinal rods. The apparatus can be usefid for
correction of spinal injuries or deformities.

In the realm of orthopedic surgery, it is well known fo use implanis o fix the
position of bones. In this way, the healing of » broken bone can be promotied, and
maltformations or other injuries can be corvected. For example, in the field of spinal
surgery, it is well known to place such implants into vertebrae for a namber of reasons,
inctuding (&) corvecting an sbnormal curvature of the spine, including a scoliotic
curvature, (b} to mainiain appropriate spacing and provide support 1o broken or otherwiss
injured vertebrae, and (¢} perform other therapies on the spinal columa,

Typical implan{ and connection systems include several pisces, which commonly
are usefnl and may be associgted with only specific other pieces. Bone screws, hooks, snd
clamps are well known as fixation devices, which are connected or adjoined o g particular
bone as a connection between the bone and the connection system which can include a
support andfor stabilizing member such as a spinal rod. B such a svstem, a series of two
or more serews may be mserted nto fwo or more vertebrae to be instrumented. One or
more rods or other elongated members are then placed within or coupled to the scraws, or
are placed within connecting device(s) that link the rod(s) and screw(s), and the
connections are fightened. In this way, a rigid supporting structure i3 fixed to the
vertebrae, with tha rod providing the support that promotes correction or healing of the

vertebral malformation or injury by keeping the vertebrae in a particudar position.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG, 1 is an axplodad view in perspective a comecting assembly according to one
disciosed embodiment.

FIG. 2 is a top plan {non-exploded) view of the ambodiment shown
in FIG. 1.

FIG. 3 is a cross-sectional view of the embodiment shown in FIGS, 1 and 2, taken
along the lines 33 in FIG. 2 and viewed in the direction of the arrows.



WO 2007/056709 PCT/US2006/060566

i

FIG. 4 is a perspective view of an embodiment of g body shown i FIG. 1.

FIG. 5 is a top plan view of a body according to the embodiment shown in FIG. 4.

FIG. 6 is a side plan view of a body according to the embodiment shoven i FIG. 4.

FIG. 7 is a cross-sectional view of a body according to the embodiment shown in
FIG. 4, tgken along the lines 77 in FIQ, 5 md viewead in the direction of the arrows.

FIG. 8 is a parspective view of an embodinent of a split ring member shown in
FIG. 1.

FIG. 9 15 a side plan view of the embodiment shown in FIG. 8.

FIG. 10 15 a side plan view of the ambodiment shown in FIG. 8, rotated 90 dagrees
from the view shown in FIG. @,

FIG. 11 is a cross-sectipnal view of the embodiment shown i FIG. 10, {aken along
the lines 1111 in FIG. 10 and viewed in the direction of the arrows.

FIG. 12 is a cross-sectional view of the embodiment shown in FIG. 9, taken along
the Hines 12312 in FIG 9 and viewed in the direction of the arrows,

FIG. 13 s a perspective view of an embodiment of a split nog member shown tn
FIG. L

FIG. 14 is a side plan view of the smbodiment shown in FIG. 13.

FIG. 13 is a cross-sectional view of the embodiment shown in FIG. 14, 1aken along
the lings 15135 in FIG. 14 and viewed in the direction of the arrows.

FIG. 16 is a side plan view of the embodiment shown in FIG, 14, rolated $0
degrees from the view shown in FIG. 14,

FIG. 17 is a cross-sectional view of the embodiment shown in FIG. 16, taken along
the lines 1717 in FIG. 16 and viewed in the direction of the arrows,

FIG. 18 is a perspective view of an embodiment of a collet member showa in FIG.

FIG. 19 is a top plan view of the entbodiment shown in FIG. 1§,

FIG, 20 is a side elevational view of the embodiment shown in FIG, 18

FIG. 21 is a perspective view of an embodiment of a nut shown in FIG. 1

FIG. 22 is a side clevational view of the smbodiment shown in FIG. 21,

FIG. 23 is a cross-sectional view of the embodiment shown in FIG. 22, taken along

the lines 23--23 in FIG. 22 and viewed in the direction of the grrows.
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FIG. 24 is a perspective view of a connecting assembly according to one disclosed
embodiment.

FIG. 25 is a perspactive vigw of the embodiment of FIG. 24, rotated about %0
degrees from the view in FIG. 24.

FIG. 26 is a cross-sectional view of the embodiment shown in FIG. 24, taken along
the lings 2626 in FIG. 24 and viewed in the direction of the arrows.

FIG. 27 is a side elevational view of the smboditent shown in FIG. 23,

FIG. 28 is a side plan view of an embodiment of a body shown in FIG. 25,

FIG. 29 is a cross-sectional view of the embodiment shown in FIG. 28, (aken along
the tines 2929 in FIG. 28 and viewed in the direction of the avows.

FIG. 30 is a perspective view of an embodiment of a split ring member shown m
FIG, 35,

FIG. 31 is a side alevational view of the embodiment of a split ring member shown
in FIG, 30

FIG. 32 is a cross-sectional view of {he embodiment shown in FIG. 31, taken along
the lines 3232 in FIG. 31 and viewed in the direction of the arrows,

FIG. 33 is a side elevational view of the embodiment shown in FIG. 31, rofated 90
degrees fram the view shown i FIG, 31,

FIG. 34 is a cross-sectional view of the embodiment shown in FIG. 33, {aken along
ihe lines 34--34 in FIG. 33 and viewed 1n the direction of the arrows.

FIG. 35 is a perspective view of an embodiment of a washer member shown in
FIG. 26,

FIG. 36 is a side elevational view of the embodiment of @ washer member shown
in FIG. 33,

FIC: 37 is a cross-sectional view of the embodiment shown in FIG. 36, laken along
{he lines 3737 in FIG. 36 and viewed in the divection of the arrows.

FIG. 38 is aside slevational view of an embodiment of a nut shown in FIG. 26.

FEG. 39 is a cross-sectional view of the embodiment shown in FIG. 38, taken along
the Hines 3039 in FIG. 38 and viewed in the direction of the arrows..

FIG. 40 is a perspective view of an embodiment of a collet member shown in FIG.

26,
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FIG. 41 is aside elevational view of the embodiment of a collet member shown in
FIG. 40,

FIG. 42 is a perspective view of another smbodiment of a nut,
DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

Refirring to the drawings, thers is shown an embodiment of an assembly 20
including # connecting body 22. Connecting body 22 is opersble to connect sn implant
23, such as g Schanz-type screw with a threaded anchoring portion, with one or more
elongated members (ot shown), which may be spinal rods, ping or similar structares.
Implant 23 is tnserted inlo or otherwise connected fo » vertebrs, and slongaled members,
in embodiments in which two or more are used, are utilized to maintain verlebrse in a
desired position. Itshonld be appreciated that the implaat witlized in conjunction with
body 22 can be any appropriate bone anchor or bong-engaging mechanism. Additionally,
elongated mambers that may be connected to body 22 can be bars, connectoss, or other
orthopedic constructs of a variety of lengths, The embodiment of assembly 20 shown in
FiG. 1 further includes a collet 26 to recelve implant 23, nut 28, and split ring members 29
and 30.

One illusirated embodiment of body 22 has gn apper portion or sarface 32 and a
lower portion or surface 34, Upper surface 32 is bifurcated in one iltusirated embodiment
by a slot 36 that may be substantially perpendicufar to surface 32, or may be wedge-
shaped or otherwise configured.  Two passages 38 and 40 extend through body 22 and
are between surfaces 32 and 34, and may be substantially paratlel 1o each other, Ing
particlar embodiment, passages 38 and/or 40 are substantially cylindrical throughout. In
other embodiments, passages 3§ and/or 40 may have a tapered or curved surface toward
the susface of body 30 and s eviindrical surface in {he interior of body 30, so that the
cvlindrical surface has a smaller internal diameter than the part of the passage adjacent the
surface of body 30. Passages 38 and 40 may be substantially identical in size, or one
passage may be somewhat larger than the other. Body 22 further defines a hole 42
extending therethrough and configurad for receipt of anchor 23, as will be discussed
further below. Hole 42 may be subsiantially perpendicular to passages 38 and 40. Alipor

ridge 44, which may be substantially conical, curved or otherwise configured, may be
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formed on upper surface 32 1o extend around at least a portion of hole 42, A concavely
curved portion 46 is adjacent bottom surface 34, As altematives, hole 42 may include a
lapered, cylindrical or curved bowl portion adjacent top surface 32, and portion 46 may be
tapered, cylindrical, or otherwise curved.

Passages 38 and 40 may have internal surfaces of one or more configurations that
allow placement and locking of split sing members 29, 30 and/or rods or other elongated
members in them. For exampie, in the Hlusirated embodiment passage 38 includes a
tapered opening 38a on each side, to facilitate placement of a ring member in passage 38,
Inside tapered opening 3¥a is a concave section 38b that may be spproximaiely the same
curvatore as a posfion of a split ring, and fnnermost is a section 38c that may be
cvlindricsl, or may inctude edges or a stepped area, Passage 40 may be configured
substantiglly the same as passage 38, or the passages may be configused differendy from
gach other. In this embodiment, both passages 38 and 40 are compressible, as will be
discassed further below.

In one ilusirated embodiment, collet 36 includes a proximal end 60 and a distal end 62. A
threaded portion &4 extends along gt legst g portion of proximal end 60, An aperture 66
extends through coliet 26. Collet 26 further includes a convex section 68 adjacent distal
end 62, the function of which will be explained in greater detail below. Additionally,
collet 26 inclodes one or more slots 70. In one embodiment, there are four slots 70 equally
posittoned sbout a circumference of collet 26 and which are generally parallel to aperture
66. Collet 26 includes one or more flat sections 72. In one embodiment, collet 26
inchudes two flal sections 72 positioned substantially diamettically opposile each other
along the cutside of collet 26 and along substantially the entire length of collet 26, Flats
72 could be placed over only a portion of collet 26, e.g. on mroximal end 60 or threaded
portion 64. Collet 26 is generally cvlindrically shaped, except for flat sections 72 (if any).
The outer cross-sectiong] dimension of collet 26 at convex section 68 is farger than an
ouser cross-sectional dimension of collet 26 at other points in the illusirated ambodiment,
Proximal portion 60 of collet 26 is sized and shaped so as fo §it and move sastly within
hole 42, However, collet 26 can be configured or shaped differently in other
embodiments.

Nt 28, in one embodiment, has a six-sided upper portion 80 and a round lower portion $2,

A threaded hole 84 extends through nut 28, and has g threaded upper portion 86 and a

{
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tapered lower portion 88, A slit 30 may be provided through upper portion $0 and
threaded portion 86 s0 a8 to help lock nut 28, Threaded portion 806 is configured 1o be
ihreaded on thveaded portion 64 of collet 26. In other embodiments, nul 28 can be of other
shapes or configurations. In an embodiment of body 22 having s tapered bow! surface 47
adjacent upper surface 32, nut 28 may have a lower portion similar to that shown in FIG,
42, 1o closely contact much or substansially all of surface 47, {n embodiments of body 22
having another sutface configuration adiacent hole 42, nut 28 may be provided with a
lower surface that closely fis such surface configuration.

The ilfustrated embodiment of ring member 29 is generally annylar, having a gap 91,
notch 92 and through-hole ¥3 {0 aflow expansion andfor contraction of ring member 29,
The outside of ring member 29 bas generally convex portions 94, which in & perticular
ambodiment may be spherical, and a substantially cylindrical portion 96. Cylindrical
portion 96 is shown as lving in a plane that inchudes the center of the sphere in which
convex portions 94 lie, Along cylindrical portion 96 and adjacent gap 91 Hie one or more
flattened aveas 97, that in » particular embodiment are at feast approximately semmi-
cirgular. Extensions 98 extend outward from convex portions 94 and substantially
surround hole 93. Ring member 29 may include a tab or projection 99 extending from the
outer surface of ring member 29, and in a particudar embodiment in which ring member 26
includes one or more Haltened sreas 97, tab 99 may extend from one {or more if there are
multiple 1abs 99) of such flattened area 97, Tab 99 may be sized and configured to extend
outstde of the particular passage (e.2. passages 38 or 40) in which ring member 29 sits,
and timits the rotation of ting member 29 so that its gap 91 remains generally adjacent 1o
the nuddie of body 22, The inside of ting member 29 is for sccommodating g rod, pin or
other elongated orthopadic member, and in the illustrated ambodiment includes tapered
outer surfaces 100, a substantially cvlindsical surface 102, and a concave {e.g. part-
spherical) foner surface 103. Ring member 29 has unstressed or natural ouler diameler,
i.e. a dinmeter measured when ring member 2§ is under no contractive (gap-closing) or
expansive (gap-opening) stress. Ring member 29 has an inner dimension measured
diametrically between points on evlindsical portion 102 that, in one embodiment, is at least
slightly farger than a diameter or similar dimension of @ rod, pin. or other elongated

member.
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An embodiment of ring member 30 is also shown, and includes essentially the same
features ag discussed gbove with respect o ring member 29, Accordingly, the same
reference munbers are used with respect 10 ring member 30 for aspects that are essentially
the same as aspects of ring member 30. It will be seen thal throngh-bole 93 of g
memntber 30 is shown somewhat smaller than hole 93 of ring member 29, and thus
accommodates a somewhat smaller elongated member. In other embodiments, the sizes of
the holes through the ring members 29 and 3¢ can be sabslantially similar or identical.
Further, ring member 30 way include a tab or projection 9% extending from the outer
surface of ring member 30, and in a particular embodiment in which ring member 30
includes one or more Natiened areas 97, tab 99 may extend from one {or more if there are
nltiple {abs 99) of such flaltened area H7.

The assembly, operation and use of assembly 20 will now be described with
raference 1o a surgical procedure involving a section of spine. Ring members 29 and 30
are ingerted into passages 38 and 40 of body 22, In embodiments in which one or both of
ring members 29 and 30 have an mnstressed outer diameter farger than the inner dimension
of the respective passsge 38 or 40, such ring member(s) may be compressed fo {it in the
respective passage, and released so that such ring member(s) sit within the respeciive
passage. Collet 26 is ingerted into hole 42 of body 22 so that at teast part of threaded
portion 64 extends above body 22, and convex section 68 of collet 26 is adjacent curved
portion 46 of body 22. Nut 28 may be loosely threaded onfo collet 26, These assembly
steps may be performed in any of a vatiety of orders. For example, collet 26 may be
inssried before ring members 29, 30 are inserted. As another example, ong or both ring
members 29, 30 mav be fitted onto slongated members as described below, and then the
elongated members and ring members can be inserted into passages 38, 40, Asyeta
fariber example, collet 26 may first be placed over a positionad bone anchor as described
below, and then the combination of coliet 26 and the bone anchor may be inserted imio
hole 42 of body 22,

Bone anchor 23, such as a Schanz-tvpa screw, hook or other apparatns having a
shank portion, is inserted into or ofherwise connecied to a bone, such as a vertebra (not
shown). Assuming body 22, collet 26, nut 28 and ring members 29, 30 have been atready
assembled together as desoribed above, assembly 20 is moved 1o a position adjacent
anchor 23 and collst 26 is slid over the shank of anchor 23, Assembly 20 is positioned
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atong the shank of anchor 23 as the surgeon desires, and thus assembly 20 can be located
at auy height over the bone within a range determined by the length of shank 122 exposed
over the bome. 1t will be understood that anchor 23 may be placed first through collet 26
and/or body 22, and then ihrended into a bone, if the surgeon 5o desires.

Elongated members gre inserted through ring members 29, 30, Through-holes 92
of ring members 29, 30 may thus be thought of as passages for the elongated members. In
some embodiments, elongated members may be inserted through one or both of ring
members 29, 30 prior to placing assembly 20 over sachor 23, and in other embodiments
one or both elongated members may be ingeried through assembly 20 after it is placed
over anchor 23, Once placed within ring members 29, 30 and assembly 20, one or both of
the elongated members can be pivoled with respect 1o body 22 to any of a variety of
angles. In doing so, ring members 29, 30 are rotatable within their respective passages 38,
4. The pivoting of ring membars 29, 30 andfor their respactive elongated members 24,
25 may be Himited by contact of extension(s) 98 {(if present on a respeclive ring member)
with & strface of body 22 adjacent the respective passage 38, 40, or of ab 99 {if present on
a respective ring member) with a relatively tnternal surface of body 22, 1f ring members
having different size fhrough-holes 92 and elongated members of differing diameter or
width are used, then generally the smaller efongated member should be placed through the
ring member with the smaller lrough-bole, and the larger elongated member should be
placed through the ring member with the larger through-hole.

When elongated members are positioned with respect to body 22 as the surgeon
desires, and assembly 20 is at the desired position with respect 10 anchor 23, the surgeon
may tighten nut 28. In this embodiment, tightening nrt 28 around collet 26 deaws collet
26 11 hole 42 so that bottom surface 34 forces convex section 68 to contract around anchor
23 by virtue of stois 70, Such coniraction of collet 26 around anchor 23 locks anchor 23
with respect {o collet 26 and body 22 ab the desired relalive position, Al the same time,
nut 28 exerts 4 pushing force on upper portion 32 of body 22. Such pushing forces both
sides of upper portion 32 down, essentiafly pivoting both sides of npper surface 32 around
respective axes i or near the sides of body 22 adjacent passages 38 and 40, and
comprasses passages 38 and 40, Compressing the passages results in similar compression
of ring members 29, 30 within them, locking ring members 29, 30 around iheir respective

elongated members. Inn embodiments i which passages 38 and/or 40 have edges or
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stepped portions, such edges or steps miay bite info, penetrate or otherwise interact with a
respective ring member to enhance fhe connection between body 22 and ring member 29
andfor 3%, Thus, tightening nut 28 locks assembly 20 with respect to both anchor 23 and
{he glongated members.

An altemative embodiment of an assembly 220 is also shown, It is quite similar {o
assembly 20, discussed above, in many structural and functional features, and is assembled
and used similardy. ¥ is to be undersiood that most or all of the parts described above may
be used with assembly 220, and that parts described below may replace or be used with
paris described above with respect to sssembly 20,

Assembly 220, in the iHlastrated embodiment, includes a connecting body 222,
Conngcting body 227 is operable fo commect an anchor {e.g, anchor 23 shown i FIGL 1, fo
which reference will be made below), such as a Schanz-type screw or other implant with a
shank, with one or more elongated members (e.g. spinal rods, pins or other orthopedic
device). Assembly 220 includes a collel 226 1o receive tmplant 23, washer 227, nut 228,
and splif ring member 329,

The illustrated embodiment of body 222 has an upper portion or surface 232 and a
lower portion of surface 234, Upper surface 232 includes a slot 236 that may be
substantially perpendicudar fo sueface 232, Two passages 238 and 240 exiend through
body 222, and may ba subslantially parallel to each olher. In g particular embodiment,
passage 238 is substantially cylindrical throughout and is between surfaces 232 and 234,
and passage 240 is substantiatly U-shaped. In other embodiments, passage 238 may be
configurad as discussed above with respect to passages 38 and 40. Passages 238 and 240
may be sized and configured to accommodate rods of similar or identical diameter or
width, or as seen i FIG. 27, one passage may be somewhat lacger than the other. Body
222 further defines a hole 242 extending therethrough and configured for receipt of an
anchor (2.g. anchor 23 of FIG. 1} and collet 226, as will be discussed further below, Hole
242 may be substantially perpendicular to passages 238 and 240, A iapered or concave
mouth 247, which may be substantially conical or otherwise configured, may be formed
on upper surface 232 to extend around al least a portion of hole 242, A concavely curvad
portion 246 is adjacent bottorm surface 234, As alternatives, hole 242 may nclude a lip or
ridge (a5 described above) adjscent top surface 232, and portion 246 may be tapered,

cylindrical, or otherwise curved.
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Passage 238 may have internal swrfaces of ong or more configurations that allow
placement of sphit ring member 229 and/or rods or other glongated members associated
with them. For example, in the Blusisated embodiment passage 238 inclades a
substartially eviindrical opening 238a on each side sized o Facilitate placement of a xing
member in passage 238, Inside tapered opening 238a iz g grooved section 238h. Grooved
section 238b, in the Hlustrated embodiment, is stepped, having a pair of edges 238¢ on
either side of section 238b. As previously noled, featares of passage 38 discussed above
may be used in place of or in addition to features of passage 238, and viee versa, Passage
23% i3 compressible, as will be diseussed further below,
Passage 240 in the illastrated ensbodiment is substantially Usshaped, and is intemnally
{hreaded at or near the top. Threads 248 may be standard machine threads, or may be
reverse-angle threads such as those disclosed in U8, Patent No. 6,296,642, incorporated
herein by reference in ifs sntizety. A set screw 280 (FHG. 27) is provided, which is
configurad o be threaded wilh threads 248 into passage 240,
The tliustrated embodiment of collet 226 tnclades a proximal end 260 and a distal end
262, A threaded porfion 264 extends along at least a portion of proximal end 260, An
aparture 266 extends through collet 226, Coliet 226 further includes a convex section 208
adjacent distal end 262, the funclion of which will be explained in greater detail below.
Additionglly, collet 226 includes one or more slots 270, In one embodiment, there are
four slots 270 equally posttioned aboui g circumference of collet 226 and which are
generally paratlel to aperiure 266, Collef 226 includes one or more figt sections 272
adjacent proximal end 60 and threaded poddion 64, In one embuodiment, collet 226
inctudes two flat sections 272 positionad substantially diametricatly opposiie sach other
along the outside of collet 226 and along substantially the entire length of collat 226.
Collet 226 is generally cviindrically shaped, except for flat sections 272 (i any). The
oater cross-sectional dimension of collet 226 at convex section 268 is larger than an outer
cross-seetional dimension of collet 226 at other points in the illustrated embodiment.
Proximal portion of coltet 226 is sized and shaped so as 10 fit and move easily within hola
242, However, coliet 226 can be configured or shaped differently in other embodiments.
The tltustrated embodiment of washer 227 is substantially annolar, having a convex
exierior 275 and ahole 276, which has a threaded portion 277 and a concave portion 278.

Threaded tnterior portion 277 is configured to threadedly couple with threaded portion 264
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of collet 226 to enable positioning of washer 247 sbout a portion of collet 226, Atleasta
portion of the inner diameter of hole 276 is at feast slightly smaller than an outer
dimension of convex section 268 of collet 226, Hxterior 275 and portion 278 may
alternalively be conical or otherwise configused.

Nut 228, in one embodiment, is six-sided with a threaded hole 284 and g tapered or curved
lower portion 288. Nut 228 is configured o be threaded on threaded portion 264 of coliet
226. In olher embodiments, nut 228 can be of other shapes or configuralions, such as
those discussed above. In another embodiment, nut 228" {(FIG. 42) is similar to nut 28,
and includes a lower substantially conical surlace 3887, the diameter of which decreases
with distance from upper portion 230

The illustraied embodiment of ring member 229 is generally annular, having 8 gap 291,
aotch 292 and through-hole 293 1o gliow expansion andfor contraction of ring member 29,
The outside of ring member 229 has generally convex portions 294, which in a partiowdar
embodiment may be spherical, Extensions 298 extend outward from convex porlions 254
and substantially sarround hole 293, The inside of ring member 229 is for sccommodating
arod, pin or other elongated orthopedic member, and in the illusirated embodiment
inchudes tapered outer surfaces 300, substantially cvlindrical inner surface 302 and curved
{e.g. part-spherical) sarface 303. Ring member 229 has an unstressed or nataral mwter
diameter, .. a diameter measured when ring member 229 is under no contractive (gap-
closing) or expansive {gap-opening) sivess. Ring member 229 hag an inner dimension
meastred diametrically between points on cylindrical portion 302 that, i one
embodiment, is at least slightly larger than a diameter or similar dimension of a rod, pin or
other slongated member.

The assembly, oparation and usa of assembly 220 is substantially similar to that described
above with respect to assembly 20, and will now be described with reference 10 & swrgical
procedure involving g section of spine. Ring member 229 is inseried into passage 238 of
body 222 In embodiments in which ring members 229 has an unstressed outer diameter
larger than the lmer dimension of passage 238, ring member 229 may be compressed to fit
in passage 238, and released so that ring member 229 sits within passage 238, Washer
227 is threaded through threaded section 264 of collet 226 so that washer 227 sils alop
convex section 268, Collel 226 and washer 2237 are inserted inio hole 242 of body 2232 so

that at least part of threaded portion 264 extends above body 222, and convex portion 275
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of washer 227 is adiacent curved portion 246 of body 222, Nut 228 may be loosely
threaded onto collet 226, These assembly steps may be performed i any of a variety of
orders. For example, collet 236 and washer 227 may be inserted belore ring member 229
is inserted inlo body 222, As another example, ring merober 229 may be fitted onto an
slongated member as described below, and then the elongated member gnd ring member
can be inserted into passans 238, As yet & farther example, collet 226 way first be placed
pver a posittonad bone anchor as descrited below, and then washer 227 threaded onto
collet 226, and the combination of collet 226, washer 227 and the bone anchor may be
inseried into hole 242 of body 222,

A bone anchor (e.g. anchor 23 in FIG. 13, such as a Schanz-type screw, hook of
other apparatus having a shank pordion, is inseried into or otherwise connected to a bone,
such as a vertebra (not shown). Assuming body 222, collet 226, washer 227, nut 328 and
ring member 229 have been already assembled together as describad above, assembly 228
is moved to a position adjacent the anchor and collet 226 is stid over the shank of the
anchor. Assembly 220 is positionad along {he anchor as the surgeon desires, and thas
assembly 220 can be locsted at any height over the bone within g range determined by the
length of the anchor exposed over the bone,

An elongated member may serted through ring member 229, and another may be
inserted into passage 240, In some embodiments, elongated members may be inserted in
one or both of ring member 229 and passage 240 prior {o placing assembly 220 over g
bone auchor, and in other embodiments one or both slongated members may be inserted
into assembly 220 after it is placed over such an anchor. In one particular method
embodiment, an elongsted member can be inseried throngh ring member 229 in body 232
and Iocked tightly or loosely, as described below, so as to hold body 222 with respect o
ihe bone anchor, and then an elongated member can be placed in passage 240 and locked
{o provide additional support or farther cosreclive foree, Once placed within ring member
226 and assembly 220, an elongated member can be pivoted with respect to body 322 1o
any of a vatiety of angles. In doing so, ring member 229 is able to be rotated within
passage 238, The pivoting of ring member 229 andfor its elongated member may be
limited by contact of extension(s) 298 (if present on {he ring member) with a surface of
body 222 adjacent passage 238. If sing member 229 has a through-hole 293 of

substantially different size than the width of passage 240, and elongated members of
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differing diameter or width are used, then generally the smaller elongated member should
be placed through the smaller of through-hole 293 of ring member 229 and passage 240,
and the farger elongated member shoald be placed through the larger of them.

When elongated members are positioned with respect lo body 222 as the surgeon
desives, and assembly 220 is at the desired position with respect to a bone anchor (28
bone anchor 23 in FIG. 1), the surgeon may tighten nut 228, In this embodiment,
tightening nut 228 around collet 226 draws collet 226 in hole 242 so that convex section
268 squeszes washer 227 against sarface 246 of body 222, with the reaclion that convex
section 268 contraots around the anchor by virtue of slots 270, Such contraction of collet
226 around the anchor focks the anchor wilh respect to collet 226 and body 222 al the
desived relative position. At the same time, nut 228 exerls a pushing force on upper
surface 232 of body 222, Such pushing forces down the side of npper surface 232
adjacent passage 238, essentially pivoting that side of upper surface 32 around mn axis in
or near the side ol budy 222 adjacent passage 238, and compresses passage 238.
Compressing passage 238 results in similar compression of ring member 229, locking ring
member 229 around its elongated member. Ring member 229 may be penetrated or
otherwise interacted with by edges 238¢ in passage 238 during such compression. Thas,
tightening must 228 locks assembiy 220 with respect to both the bone anchor and an
elongated member in passage 238. Ax elongated member placed in passage 240 is locked
with respect to body 222 by threading a set serew 250 into threads 248 in passage 240 and
against the slongated member,

Standard surgical approaches, whether open or minimally-invasive, may be used in
connection with the steps noted above. For example, the surgeon may obfain access to the
surgical site in a manner well known in the art, e.g. through incision and retraction of
tissues. Onee access 1o the surgical site has been obtained, e.g. via an opening such as a
sudtine incision above the affected ares, with tissue being resected laterally or in other
approprigte direction, of by other surgical procedure, pilot holes in hones may be made
{e.2. in a pedicle of a vertebra), and screws may be inserted into such holes,

1t will be seen that split ting members {e.g. 29, 30, 229 or 230} may not be necessary in
some embodiments. For example, in embodiments in which the dismeter of m elongated
member is not a great deal smatler than the diameter of passages 38, 40, 238 and/or 240 or

in a case in which the pivotability of sing members with respect to a connector body is not
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needed or desived, one or more elongated members can be placed throngh connector
passages (e.g. passages 38, 40, 238 and/or 240). The passages are compressed, as
discussed above, and lock directly 1o the slongated members,

Although useful with two elongated members, the disclosed embodiments of body 22, 222
may be used with only one elongated member, if desired. Further, multiple slongated
menibers (2.2 thin pins) cowdd be connected to a connector body substantially as described
above. Elongated members may be substantially cvlindrical or of other cross-sectional
shapes, and may be smooth, threaded, knusled or otherwise surfaced.

In certain embodiments, g collet member as desctibed above may be omitted where g hone
anchor has a shank with a threaded portion and an enfarged medial portion that can conlact
{he bottom of a connector body {e.g. body 22 or 222}

The parts described above may be interchanged among the described embodiments or
pther embodinments. For example, collet member 226 may be used with body 22. In other
embodiments, nuls 28, 228 could be replaced with another tightening mechanism. The
various components described sbove may be composad of biocompaiible malerisls such ag
titanium, steinless steel, certsin ceramics or plastics, or others.

While subject matter has been iHustrated and deseribed in defail in the drawings and
foregoing description, the same is 1o be considered as iHustrative and not restrictive in
character. H should be understood thai only cerain embodiments bave been shown and
described and that all changes snd modifications that come within the spirit of the clams
are desired to be protected.
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What s claimed is:
1. An apparatus comprising:

a connector body having lwo passages for elongated members and an anchor
passage between said elongated member passages, each of said passages having &
respactive digmeter,
said body having a top portion and a bottom portion, said anchor passage extending
through said poriions, and said top porlion having a gap that communicaies with said
anchor passage,
said top portion being bendable so that bending al least part of said top portion toward said
bottom postion reduces the diameter of at least one of said elongated member passages.

\
2, The apparatus of claim 1, wherein bending said top portion reduces the dameter of
both of said elongated member passages.
3 The apparatus of claim 1, further comprising at least one split ving member
inserted at least pariially info one of said elongated member passages, said split ring
member having a hole therethrough sized 0 acconunodaie an elongated member, and said

split ring member being compressible around the elongated member,

4, The apparatus of claim 1, further comyprising at least one split ring member
connected 1o said body, wherein at least one of said elongated member passages is a hole

throagh one of said splil ring members.

5. The apparatus of claim 1, further comprising an anchor extending through said

anchor passage,

6. The apparatus of clgim 3, wherein said anchor includes a shafy, and Fariher
comprising 8 collat having & threaded upper portion, a siotted lower portion, and a

longitudinal aperture, said shaft extending at least part way through said aperture.

7. The apparatus of claim §, further comprising a mit comectable with said anchor

and said body, wherein tightening said nut on said auchor forces said nut against said fop



WO 2007/056709 PCT/US2006/060566

16

portion of said body, thereby bending said top portion toward said bottom portion of said
body.

8. The apparatus of claim 1, wherein one of said elongated member passages is
substantially U-shaped and is af least partially internally threaded, and further comprising

a set screw configured o thread hmo said Us-shapad passage.

9, An apparatus comprising,

an orthopedic implani having a botfom portion for facing bone and a bifurcated top
postion, at feast a part of said top portion being bendable towasd said botiom surface, and
at fesst one passage between said bottom portion and said lop postion, wherein when said

top poriion is bent toward said bottom surface the size of said passage is reduced,

1. The apparatus of claim 9, wherein said implant includes a second passage, said
second passage being one of substantially enclosed between said top and bottom postions

and open through said top portion,

13, The apparatus of clatm 10, further comprising a first elongated member ai least
partially within said first passage, and a second elongated member at teast partially within

said second passage.

12, The apparatus of claim 11, further comprising a split ring member between said
first elongated member and said body, so that when the size of said fizst passage is

reduced, said split ting member is compressed around said first elongated member.

13, The apparatus of clatm 12, further comprising a bone anchor connected o said
body, wherein locking said anchor to said body canses bending of said top poriion toward
said bottom portion.

14, The apparatus of clazm 13, wherein said bone anchor inclades s shaft and a collet
around at least a portion of said shaft, and further compriging a washer member around
said coflet and adiacent said bottom surface of said body.
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15 An apparatus comprising:

a connector body having first and second substaniially paratlel passages, and &
Ihixd passage substantially parpendicular to said first and second passages, and further
having a top surface, a bottom surface and two side surfaces, said top surface having a slot
therethrongh, said slot baing substantiafly parallel to said first and second PasSSAReS:

a first split ring members at feast partially in said first passage and a second sphit
ring member af least partially in sadd second passage, said split ring members each having
a throngh hole for accommodating at least part of an elongated member and a curved
external surface whereby said split ring member can be pivoted with respect o said body:
a pair of elongated members, ene of said elongated members occupying af least part of
said through hole of said first split ring member and the other of said elongated members
peonpying at least part of said through hole of said second split ring member:

a bone anchor extending through said third passage, said bone anchor baving an »pper
threaded porlion; and

anut threaded onto said ihreaded portion of said bone anchor and against said top sutfice
of said connector body, whersin tightening said nut against said top surface bends at least
a portion of said top surface so that said frst and second passages are reduced in size and
so that said split ring members are compressed around said elongated members to lock

said elongated members with respect to satd connector hody.

16, The apparatus of claim 13, wherein said through hole of said first split ting

member has a diameter less than that of said second split ring member.

17. The apparatus of claim 15, wherein said body member includes a curved portion of

said bottom surlce against which a portion of said anchor may bear.

18, The apparaius of claim 15, wherein at least one of sakd passages has a conical

opening portion and a substantially cylindrical internal portion.

12, The apparatus of claim 15, wherein at least one of said passages has a stepped
internal poriion having at least one edge.
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20.  The apparatus of claim 15, wherein said top strface includes a conical indentation,
and said nut fnclades a conical undesside configured to substantially mate with said

conical indentation.
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