Office de la Proprieté Canadian CA 2562949 C 2010/06/29

Intellectuelle Intellectual Property

du Canada Office (11)(21) 2 562 949
Un organisme An agency of

d'Industrie Canada Industry Canada (12) BREVET CANADIEN

CANADIAN PATENT
13) C

(86) Date de depot PCT/PCT Filing Date: 2005/03/29 (51) Cl.Int./Int.Cl. A678 7/7/70(2006.01)
(87) Date publication PCT/PCT Publication Date: 2005/10/20 | (72) Inventeurs/Inventors:

1 . KALFAS, |IAIN H., US;
(45) Date de délivrance/lssue Date: 2010/06/29 L AURYSSEN CARL. US:

(85) Entree phase nationale/National Entry: 2006/09/238 LUDWIG, STEVEN, US:
(86) N° demande PCT/PCT Application No.: US 2005/010513 O'BRIEN, MICHAEL, US;

o o DOHERTY, THOMAS, US;
(87) N° publication PCT/PCT Publication No.: 2005/096974 HALL MARK T US:

(30) Priornte/Priority: 2004/03/31 (US10/813,904) JONES, BRYAN S., US;

(73) Proprietaire/Owner:
DEPUY SPINE, INC., US

(74) Agent: OGILVY RENAULT LLP/S.E.N.C.R.L.,S.R.L.

(54) Titre : SYSTEME DE FIXATION SPINALE A CONNECTEURS TETE A TETE
(54) Title: HEAD-TO-HEAD CONNECTOR SPINAL FIXATION SYSTEM

100

118

119

(57) Abrégée/Abstract:
A spinal fixation system comprising at least two bone anchors, a rod connecting the bone anchors and a connecting plate
extending from a proximal surface of at least one of the bone anchors. A method of fixing vertebrae relative to each other

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




CA 2562949 C 2010/06/29

anen 2 562 949
13) C

(72) Inventeurs(suite)/Inventors(continued): KONIECZYNSKI, DAVID, US; MURPHY, RAYMOND F., US

(57) Abrege(suite)/Abstract(continued):

comprising the steps of: implanting bone anchors in two adjacent vertebrae, each bone anchor having a rod receiving portion;
placing a rod In the rod recelving portions, thereby connecting the bone anchors; threadably engaging set screws In the rod
recelving portions of at least a portion of the bone anchors, thereby fixing the rod to the bone anchors; mating one end of a
connecting plate to a proximal bearing surface of at least a portion of the bone anchors; and engaging a cap with at least a portion
of the set screws, thereby fixing the connecting plate to the bone anchors.



5/096974 A3 NIV AVE0D DR 00 R A O AR

CA 02562949 2006-09-28

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization f- 1
International Bureau ¥

(43) International Publication Date
20 October 2005 (20.10.2005)

A61B 17/70

(51) International Patent ClassificationT:

(21) International Application Number:
PCT/US2005/010513

29 March 2005 (29.03.2005)
English
English

(22) International Filing Date:
(25) Filing Language:
(26) Publication Language:

(30) Priority Data:

10/813,904 31 March 2004 (31.03.2004) US

(63) Related by continuation (CON) or continuation-in-part
(CIP) to earlier application:

US 10/813,904 (CON)
Filed on 31 March 2004 (31.03.2004)

(71) Applicant (for all designated States except US): DEPUY
SPINE, INC. [US/US]; 325 Paramount Drive, Raynham,
MA 02767-0350 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): KALFAS, Iain,
H. [US/US]; 6 Nantucket Court, Beachwood, OH 44122
(US). LAURYSSEN, Carl [US/US]; 18860 Pacific Coast
Highway, Malibu, CA 90265 (US). LUDWIG, Steven
[US/US]; 320 Creswell Road, Severna Park, MD 21146
(US). O’BRIEN, Michael [US/US]; 6250 Rolling Road

(74)

(81)

(84)

(10) International Publication Number

WO 2005/096974 A3

Drive, Pinecrest, FLL 33156 (US). DOHERTY, Thomas
|US/US]; 20 Chamberlain Road, Bellingham, MA 02019
(US). HALL, Mark, T. [US/US]; 16 Brownfield Drive,
Bridgewater, MA 02324 (US). JONES, Bryan, S.
[US/US]; 68 Plymouth Drive, IB, Norwood, MA 02062
(US). KONIECZYNSKI, David [US/US]; 107 Ellicot
Street, Needham, MA 02492 (US). MURPHY, Raymond,
F. [US/US]; 310 Richardson Avenue, Attleboro, MA
02703 (US).

Agents: PIERCE, Scott, N. etal.; Hamilton, Brook, Smith
& Reynolds, P.C., 530 Virginia Road, P.O. Box 9133, Con-
cord, MA 01742-9133 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, K7, L.C, LK, LR, LS, LT, LU, L.V, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SM, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US (patent), UZ, VC,
VN, YU, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

[Continued on next page]

(54) Title: HEAD-TO-HEAD CONNECTOR SPINAL FIXATION SYSTEM

116
OR 154
OR 154

118

(57) Abstract: A spinal fixation system comprising at least two bone anchors, a rod connecting the bone anchors and a connecting

& plate extending from a proximal surface of at least one of the bone anchors. A method of fixing vertebrae relative to each other
& comprising the steps of: implanting bone anchors in two adjacent vertebrae, each bone anchor having a rod receiving portion; placing

N, rod in the rod receiving portions, thereby connecting the bone anchors; threadably engaging set screws in the rod receiving portions
of at least a portion of the bone anchors, thereby fixing the rod to the bone anchors; mating one end of a connecting plate to a proximal
bearing surface of at least a portion of the bone anchors; and engaging a cap with at least a portion of the set screws, thereby fixing

O
=

the connecting plate to the bone anchors.



CA 02562949 2006-09-28

WO 2005/096974 A3 |HIHVA!H FARO A0 IO 1 A ARRRA AR R A

GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, — before the expiration of the time limit for amending the
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), claims and to be republished in the event of receipt of
European (AT, BE, BG, CH, CY, CZ, DE, DK, ELE, ES, 1, amendments

FR, GB, GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO,
SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, ML, MR, NE, SN, TD, TG).

(88) Date of publication of the international search report:
12 January 2006

For two-letter codes and other abbreviations, refer to the "Guid-
Published: ance Notes on Codes and Abbreviations" appearing at the begin-
—  with international search report ning of each regular issue of the PCT Gazette.



10

15

20

25

. - .= C . oL -~ T N Y -
. - - a0 - . : L — i N Wt N AN T e D % RN N PN = ey 2 e N L VaSr- s AR b -
ST NN TS R T e o T e e w s - = R i i i A G LI i S - Pad Sy T AR R TN - - TR NN el af b = <

CA 02562949 2008-11-04

HEAD-TO-HEAD CONNECTOR SPINAL FIXATION SYSTEM

BACKGROUND OF THE INVENTION

Spinal fixation systems are implanted during a surgical procedure to treat a
variety of problems that include correction of congenital spinal deformities, repair of
spinal 1njuries and fusion of vertebra to stabilize degenerative conditions and
alleviate chronic lower back pain. It is well known in the correction of spinal
deformities to affix a rod or pair of rods longitudinally to the spinal column with a
plurality of screws. It is further common to cross link or interconnect the
longitudinal rods to provide additional stabilization by using at least one additional
member to horizontally bridge the pair of spinal rods. Devices such as these
commonly consist of a brace or connector for providing the desired lateral support.
The connector is fastened to each of the spinal rods by clamps or other means
located on each end of the connector.

Usually, a surgeon first attaches the screws to the spine in appropriate
positions, then attaches each screw to a spinal rod and determines where to place the
connectors. However, a curvature of the spiile and limited available space
sometimes results in such an alignment of the screws that a connector must be
skipped at a posttion where the surgeon would place it otherwise. This can happen
when linear distance between two adjacent screws in insufficient for fastening a
connector to the rod.

Therefore, a need exists for a spinal fixation system that overcomes or

minimizes the above-referenced problems.
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SUMMARY OF THE INVENTION

The present invention relates to a spinal fixation assembly and an orthopedic
implantation device for use in spinal fixation, comprising at least two bone anchors
and a connecting plate for connecting the bone anchors.

5 In one embodiment, the present invention is a spinal fixation system,
comprising at least two bone anchors; a rod connecting the bone anchors; and a
connecting plate extending from a proximal surface of at least one of the bone
anchors.

In another embodiment, the present invention is a connecting plate for

10 connection to at least one bone anchor, comprising an end portion defining an
opening, the opening having a distal bearing surface and a proximal bearing surface,
the end portion defining at least one plane; and a spanning portion extending from
the end portion, at least a portion of the spanning portion being offset from the at
least one plane defined by the end portion.

15 In another embodiment, the present invention is a bone anchor for use with
an orthopedic device comprising a distal portion for engaging a bone and a rod-
recelving portion, connected to the distal portion, for engaging a rod, wherein the
rod-receiving portion defines a convex proximal bearing surface.

In another embodiment, the present invention is a spinal fixation system,

20 comprising a first set of at least two bone anchors; a second set of at least one bone

| anchor; a fixation element connecting the bone anchors of the first set; and a
connecting plate connecting a bone anchor of the first set with a bone anchor of the
second set.

In another embodiment, the present invention is a method of fixing vertebrae

25  relative to each other, comprising the steps of implanting a first bone anchor and a
second bone anchor in a first vertebra and a second vertebra, respectively;
connecting the first and second bone anchors with a fixation element and coupling
one end of a cénnecting plate to a proximal bearing surface of at least a portion of
the first bone anchor.

30 In another embodiment, the present invention is a method of decompression
of the spinal canal, the method comprising dissecting a posterior element of a

vertebra; positioning the posterior element of the vertebra to expand the spinal canal;
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and maintaining the position of the posterior element with a connecting plate
coupled to a bone anchor fastened to the vertebra.

One advantage of the present invention is that it allows the operating sufgeon
to select a proper position for a connector independent of local curvature of the spine
and the available space along a rod between screws. Another advantage of the
invention is that it provides an implantable spinal fixation assembly with a relatively
small number of elements, thus resulting in easier implantation and increased
reliability. Yet another advantage of the invention is that it prevents splaying of the
head of the polyaxial screw of the invention due to a combination of engaged

convex and concave surfaces.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a perspective view of one embodiment of a spinal fixation system
of the present invention.

F1G., 1B 1s a cross-section of the system shown in FIG. 1A.

FIG. 2A 1s a perspective view of one embodiment of a connecting plate of
the present invention

F1G. 2B 1s a top view of the embodiment of FIG. 2A.

FIG. 2C is a side view of the embodiment of FIG. 2-A.

FIG. 3A is a perspective view of another embodiment of a conneotiﬁg plate
of the present invention.

FIG. 3B is a top view of the embodiment of FIG. 3A.

FI1G. 3C 1s a side view of the embodiment of FIG. 3A.

FIG. 4A 1s a perspective view of an alternative embodiments of a cap of the
i:)res ent invention.

FIG. 4B is a top view of the embodiment of FIG. 4A.

FIG. 4C is a side view of the embodiment of FIG. 4A.

FIG. 4D is a cross-section view of the embodiment of FIG. 4A.

FIG. 5A and FIG. 5B show cross-sections of two embodiments of the system
of the present invention that include a polyaxial screw.

FIG. 5C is a cross-section of a partially assembled system of the present

invention that includes a domed bearing surfaces.
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FIG. 5D is a cross-section of an alternative embodiment of a partially
assembled system of the present invention that includes a domed bearing surfaces.
FIG. 6 is a perspective view of an embodiment of a spinal fixation system of
the present invention that includes a floating washer.
5 FIG. 7A is a perspective view of the floating washer of the embodiment of
FIG. 6. |
FIG. 7B is a side view of the embodiment of FIG. 7A.
FIG. 7C 1s a top view of the embodiment of FIG. 7A.
FIG. 8A is a perspective view of an embodiment of a set screw of the spinal
10  fixation system of the present invention.
FIG. 8B is a side view of the embodiment of FIG. 8A.
FIG. 8C 1s a top view of the embodiment of FIG. SA.
FIG. 9A is a perspective view of another embodiment of a set screw of the
spinal fixation system of the present invention.
15 FIG. 9B is a side view of the embodiment of FIG. 9A.
FIG. 9C is a top view of the embodiment of FIG. 9A.
FIG. 9D is a cross-section view of the embodiment of FIG. 9A.
FIG. 10A is a perspective view of another embodiment of a set screw of the
spinal fixation system of the present invention.
20 FIG. 10B is a side view of the embodiment of FIG. 10A.
FIG. 10C is a top view of the embodiment of FIG. 10A.
FIG. 10D is a cross-section view of the embodiment of FIG. 10A.
FIG. 11A is a perspective view of an embodiment of a connecting plate of
the present invention.
25 FIG. 11B is a top view of the embodiment of FIG. 11A.
FIG. 11C is a side view of the embodiment of FIG. 11A.
FIG. 12A is a perspective view of another embodiment of a connecting plate
of the present invention.
FIG. 12B is a top view of the embodiment of FIG. 12A.
30 FIG. 12C is a side view of the embodiment of FIG. 12A.
FIG. 13A is a perspective view of another embodiment of a connecting plate

of the present invention.
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FIG. 13B is a top view of the embodiment of FIG. 13A.

FIG. 13C is a side view of the embodiment of FIG. 13A.

FIG. 14A illustrates the use of a spinal fixation system of the invention to
support the spinous process in the rotated position during partial laminosplasty.

FIG. 14B illustrates the use of a spinal fixation system of the invention to
support the spinous process during total laminosplasty.

FIG. 15 is a perspective view of an alternative embodiment of a spinal

fixation system of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The foregoing and other objects, features and advantages of the invention
will be apparent from the following more particular description of preferred
embodiments of the invention, as illustrated in the accompanying drawings in which
like reference characters refer to the same parts throughout the different views. The
drawings are not necessarily to scale, emphasis instead being placed upon
illustrating the principles of the invention.

A spinal fixation assembly of the present invention generally includes one or
more bone anchors which are implanted through a portion of a vertebra, for
example, the pedicle. lamina, or lateral mass of the vertebra. The bone anchors,
described in detail below, may be.connected by a spinal fixation element, such as,
for example a rod, plate, or cable. The spinal fixation element extends generally
along the axis of the spine to fix one or more vertebrae of the spine. One or more
connecting plates, described in detail below, can be attached to the bone anchors.
These connecting plates can be attached to the bone anchors implanted on opposing
sides of the spine, thus providing additional stability to the assembly. In one
embodiment, the connecting plate can protect the spinal cord after a full or partial
laminectomy.

The term “distal”, as used in the instant disclosure, means farther from the
surgeon, facing into the body; the term “proximal” means closer to the surgeon,
facing out of the body.

In one embodiment, a spinal fixation system 100 is shown in FIG. 1A and

FIG. 1B. Referring to FIGs. 1A and 1B, the system of the present invention
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includes at least two bone anchors 102, a spinal fixation element in the form of a rod
104 connecting the bone anchors 102, and connecting plate 106, extending from
proximal surface 108 of at least one of bone anchors 102. The bone anchors 102
may be a monoaxial bone screw, a polyaxial bone screw, a bolt, a hook, or any other
implant or combination of implants designed to engage bone and connect to a spinal
fixation element. In the illustrated embodiments described below, the bone anchors
102 are polyaxial screws, although one of ordinary skill in the art will appreciate that
other types of bone anchors may be employed. Each of bone anchors 102 in the
exemplary embodiment includes distal portion 110 and rod receiving portion 114.

Spinal fixation system 100 further includes set screw 116 that threadably
engages rod recerving portion 114, whereby set screw 116 contacts and fixes rod
104 to bone anchor 102. Although, one of ordinary skill in the art will appreciate
that closure mechanisms other than a threaded set screw may be employed to fix the
rod 104 to the bone anchor. For example, in other embodiments, a twist-in, non-
threaded closure mechanism may be employed.

Spinal fixation system 100 further includes cap 118 or, alternatively, cap
119, that threadably engages set screw 116, whereby cap 118 fixes connecting plate
106 to rod-receiving portion 114 of bone anchor 102.

Referring now to FIGs. 1A and 1B and, specitically, to FIGs. 2 A, B and C,,
connecting plate 106 defines opening 120 for receiving at least one bone anchor 102
at end 122 and spanning portion 124 extending from end 122. In one embodiment,
set screw 116 or caps 118 or 119 extend through opening 120 when connecting plate
106 is fixed to bone anchor 102. In one embodiment of a connecting plate, shown in
FIGs. 3 A, B and C,, connecting plate 130 includes buttress 132 at distal side 134 of
spanning portion 136.

In one embodiment of system 100, there are provided two sets of bone
anchors 102. As used herein, a “set” refers to one or more bone anchors, implanted
on the same side of the spine, and connected by a rod. Accordingly, in one
embodiment, bone anchors of one set are connected by rods 104 and bone anchors of
one set are connected to bone anchors of another set by connecting plates 106.

Referring to FIG. 1A-B and FIGs. 2A-C, in one embodiment, connecting

plate 106 has distal bearing surface 138 that is domed. Proximal surface 108 of
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bone anchor 102 mates with connecting plate 106 so that proximal surface 108 bears
onto distal surface 138 of connecting plate 106. Distal surface 138 can be
spherically or conically domed.

In other embodiments, the bearing surfaces may be flat or may have any
other shape sufficient to facilitate coupling of the plate to the bone anchor.

Referring to FIGs. 1 A and B, in one embodiment of system 100, connecting
plate 106 is oriented at an angle in a range between about 20° and about 160°
relative to rod 104. In another embodiment, connecting plate 106 is oriented at an
angle in a range between about 60° and about 120° relative to rod 104.

Referring now to FIGs. 4A-D and FIGs. 5A, Band C, cap 118 or 119 has
distal bearing surface 140 that is chamfered or domed. Distal bearing surface 140 of
cap 118 or 119 mates with proximal bearing surface 142 of connecting plate 106.

In another embodiment, the spinal fixation system of the invention is system
100° as shown in FIG. 6. Referring to FIG. 6 and, specifically, to FIGs. 7A-C,
system 100’ of the present invention further includes floating washer 144. Floating
washer 144 includes bearing surface 146 that mates with distal bearing surface 140
of cap 118 or 119, and rails 148 that slidably engage connecting plate 150.
Connecting plate 150 is fixed to bone anchor 102 by compression between floating
washer 144 and bone anchor 102. In one embodiment of system 100°, distal bearing
surface 140 of cap 118 or 119 1s domed.

Referring to FI1Gs. 4A-D and FIGs. 8A-C, 1n one embodiment of the
invention, cap 118 threadably engages set screw 116 at threaded bore 152 defined by
cap 118. In an alternative embodiment, and now referring to FIG. 4 and FIGs. 9A-D
and 10A-D, cap 119 threadably engages threaded bore 156 or 156° defined by set
screw 154 (FIGs. 9A-D) or 154’ (FIGs. 10A-D).

Description of a spanning plate of the invention will now be given with
reference to connecting plate 106 as shown in FIGs. 2A-C. It will be understood
that any of the alternative embodiments of a connecting plate 106, such as 130
(FIGs. 3), 160 (FIGs. 11), 170 (FIGs. 12) and 180 (FIGs. 13), have equivalent
elements including at least one end (131 in FIGs. 3, 162 in FIGs. 11,172 0or 172’ 1n
FIGs. 12 and 182 or 182’ in FIGs. 13) defining an opening (133 in FIGs. 3, 166 in
FIGs. 11,176 or 176” in FIGs. 12 and 186 or 186’ in FIGs. 13) and a spanning
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portion (136 in FIGs. 3, 164 in FIGs. 11, 174 in FIGs. 12 and 184 in FIGs. 13).
Description of elements of spanning plate 106 is equivalent to the description of like
clements of the alternative embodiments.
Referring to FIGs. 2A-C, connecting plate 106 defines opening 120 at each
5 end 122. During the operation of the system of the present invention, each end 122

is fixed to proximal surface 108 of bone anchor 102 (see FIGs. 1A and 1B). In one
embodiment, spanning portion 124 of connecting plate 106 is arcuate, having a
radius of curvature in a range of between about 5 mm and about 15 mm.. In another
embodiment, the radius of curvature is in the ran gé of between about 8§ mm and

10 about 12 mm. Openings 120, defined by connecting plate 106, may circular,
elliptical, polygonal, or have any other shape suitable for accepting the bone anchor.
In one embodiment, shown in FIGs. 13, opening 186 defined by connecting plate
184 is open-ended. The spanning portion 124 of the connecting plate 106, in one
embodiment, may have a thickness a, as indicated in FIG. 2C (side view) that is less

15  that a width b of the plate, as indicated in FIG. 2B (top view). Such a configuration
allows for intraoperative contouring of the plate to accommodate patient anatomy
yet also provides ggolmétric stiffness to impart torsional rigidity to the plate and
spinal construct. Further referring to FIGs. 2A-C, in one embodiment of connecting
plate 106, spanning portion 124 is offset from a plane defined by end122 of the

20  connecting plate. In one embodiment, spanning portion 124 is offset by at least
about 3mm from a plane defined by end 122 of the connecting plate. In another
embodiment, spanning portion 124 is offset by between about Smm to about 10mm
from a plane defined by end 122 of the connecting plate.

Referring now to FIG. 5A, B and C, in one embodiment, the present

25  Invention is a bone anchor for use with an orthopedic device. The bone anchor of
the invention includes distal portion 110 and rod-receiving portion 114, that defines
proximal bearing surface 108. In one embodiment of the invention, proximal
bearing surface 108 can be selected from the group consisting of an at least partially
spherically convex surface, conically convex surface, spherically concave surface

30  and conically concave surface. Preferably, proximal bearing surface 108 is convex.
In one embodiment, proximal bearing surface 108 has a radius of curvature between

about 5Smm and about 15mm.
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In one embodiment, the bone anchor of the invention is a polyaxial screw. In
this embodiment, distal portion 110 includes a bone screw portion 192 and a head
190, connected to the bone screw portion. Head 190 mates with rod receiving
portion 114, whereby bone screw portion 192 pivots about a pivot point at head 190

5  of'the bone screw portion 192. The bone anchor can further include compression
member 196 that defines rod seat 198, disposed within the rod-receiving portion
adjacent to the head of the bone screw portion. During an operation of spinal
fixation system 100 that employs this embodiment of a bone anchor, compression
member 196 is disposed between rod 104 and head 190 of distal bone anchor portion

10 110 so that rod seat 198 substantially mates with rod 104.

Referring now to FIG. 5C, proximal surface 108 of rod receiving portion 114
1s spherical and has a radius of curvature RI that extends from the point about which
bone screw portion 192 pivots. Bearing surface 140 of caps 118 or 119 has a radius
of curvature R4 that extends from the point about which the bone screw portion 192

15  pivots. In one embodiment, distal and proximal bearing surfaces 138 and 142,
respectively, of connecting plate 106 each have radii of curvature R2 and R3,
respectively. In one embodiment, each radius extends from the point about which
bone screw portion 192 pivots. In other embodiments, the radii may extend from a
point distinct from the pivot point of the bone screw. Each of the radii R, R2, R3

20  and R4 can be in a range between about Smm and about 15mm. In alternative
embodiments of spanning plates 106, 160, 170 and 180, each of the distal and
proximal bearing surfaces, exemplified by surfaces 138 and 142, respectively, in
FlGs. 2A-C, can be concave or convex or flat. The bearing surfaces can have
various shapes, such as conical or spherical.

25 In one embodiment, shown in FIG. 5D, connecting plate 106’ defines
opening 120’ at end 122°0f the plate wherein the opening has bearing surface 194
that mates with proximal surface 108 of bone anchor 102.

Now reterring to FIG. 1A and FIG. 1B, in a preferred embodiment, a fully
assembled spinal fixation system of the invention comprises: a first set of at least |

30  two bone anchors 102, a second set of at least one bone anchor 102, (¢) a fixation
element connecting bone anchors 102 of the first set, and connecting plate 106 or an

alternative embodiment thereof as described herein, connecting bone anchor 102 of
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the first set with bone anchor 102 of the second set. In one embodiment, a
connecting element 1s rod 104, At least one anchor 102 includes (i) rod receiving
portion 114 that includes proximal bearing surface 108 and (ii) distal portion 110,
including bone screw portion 192 and head 190 that mates with rod receiving
portion 114. Bone screw portion 192 pivots about a point at head 190.

The fully assembled spinal fixation system further includes a closure
mechanism engageable with anchor 102 to fix rod 104 within rod receiving portion
114 of anchor 102. In one embodiment, the closure mechanism includes a set screw
116 or any of 1ts alternative embodiments described herein, which is threadably
engageable with rod receiving portion 114, whereby set screw 116 contacts and fixes
rod 104 within rod receiving portion 114.

The fully assembled spinal fixation system further includes a cap engageable
with the closure mechanism to fix connecting plate 106 to bone anchor 102, _In one
embodiment, the cap is cap 118 or any of its alternative embodiments described
herein. Cap 118, which defines distal bearing surface 140, is threadably engageable
with set screw 116, whereby connecting plate 106 1s fixed at proximal bearing
surface 108 of rod receiving portion 114.

The operation of the present invention will now be described with reference
to FIGs. 1A, 1B, 5A and 5B. It will be understood that any alternative embodiments
of bone anchors, connecting plates, set screws or caps can be used interchangeably.

During operation of the spinal fixation system of the present invention, a first
and a second bone anchors 102 are implanted in a first vertebra and a second
vertebra, respectively. The first and second bone anchors 102 are connected with a
fixation element, which, in one embodiment, is rod 104. Next, one end 122 of a
connecting plate 106 is coupled to a proximal bearing surface 108 of at least a
portion of the first bone anchor 102. In one embodiment, the above-described steps
are followed by implanting a third bone anchor 102 in the first vertebra on a side of
the spine opposite the first bone anchor 102, and coupling connecting plate 106 to
proximal bearing surface 108 of the third bone anchor 102.

In another embodiment, a fourth bone anchor 102 is implanted in the second

vertebra on a side of the spine opposite the second bone anchor 102, and connecting
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plate 106 is coupled a to proximal bearing surface 108 of the second bone anchor
102 and to proximal bearing surface 108 of the fourth bone anchor 102.
In one embodiment, bone anchors 102 are implanted in two adjacent

vertebrae. Rod receiving portions 114 of each bone anchor 102 are aligned for

5 receiving rod 104. Rod 104 is placed in rod receiving portions 114, thereby
connecting bone anchors 102. Set screws 116 are threadably éngaged in rod
receiving portions 114 of at least a portion of bone anchors 102, thereby fixing rod
104 to bone anchors 102. One end 122 of at least one connecting plate 106 1s mated
to proximal bearing surface 108 of at least a portion of bone anchors 102. Next,

10 caps 118 are engaged with at least a portion of set screws 116, thereby fixing
connecting plate 106 to bone anchors 102. Following the steps described above, a
second bone anchor 102 is implanted in a least one vertebra. Connecting plate 106
is fixed to proximal bearing surface 108 of the second bone anchor 102.

In one embodiment of the invention, during the operation of the spinal

15  fixation system described herein, at least two second bone anchors 102 are
implanted into at least two vertebra. Next, rod 104 is placed into rod recetving
portions 114 of the second bone anchors 102, followed by threadably engaging set
screws 116 into rod receiving portion 114 of at least a portion of bone anchors 102,
thereby fixing rod 104 to bone anchors 102. In some embodiments, a plurality of

20  connecting plates 106 is fixed to proximal bearing surfaces 108 of at least a bortion
of the second bone anchors 102. Connecting plates 106 are fixed to proximal
bearing surfaces 108 by threadably engaging caps 118 with set screws 116.

Now referring to FIGs. 14 A and B, in one embodiment, the present
invention is a method of decompression of the spinal canal. The method comprises

25  the steps of making a first dissection 204 in posterior element 200 of a vertebra,
positioning posterior element 200 of the vertebra to expand spinal canal 2021; and
maintaining the position of posterior element 200 with a connecting plate (106 or
130) coupled to bone anchor 102 fastened to the vertebra. In one embodiment,
posterior element 200 is a portion of the lamina of the vertebra. In another

30 embodiment, posterior element 200 is the spinous process of the vertebra.

The method further includes making a second dissection 206 in posterior

element 200, the second dissection being on the contralateral side of the posterior
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element opposite the first cut. In this embodiment, posterior element 200 with a
second connecting plate 106 or 130 coupled to a second bone anchor 102 fastened to
the vertebra.

In one embodiment, bone anchors 102 can be fastened to lateral mass 208 of
the vertebra. In another embodiment, bone anchors 102 can be fastened to the
pedicle of the vertebra. |

The method further includes coupling the connecting plate (106 or 130) to
posterior element 200.

In one embodiment of this method, embodiment 130 (FIGs. 3A-C) of a
connecting plate is used. In this case, posterior element 200 is supported by buttress
132.

In yet another embodiment, the present invention is spinal fixation system
500, as shown in FIG. 15. System 500 comprises bone anchor 502, band clamp 504,
bent rod 506 and dovetail threaded post subassembly 508. Other features and
methods of operation of system 500 are substantially similar to those disclosed

herein for system 100.

EQUIVALENTS

While this invention has been particularly shown and described with
references to preferred embodiments thereof, it will be understood by those skilled
in the art that various changes in form and details may be made therein without

departing from the scope of the invention encompassed by the appended claims.
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CLAIMS:

1. A spinal fixation system, comprising:

at least two bone anchors having a bone-engaging portion and a rod receiving portion
with opposed arms that receive a rod therebetween,;

a rod disposable between the opposed arms of the rod receiving portion of the at least two
bone anchors; and

a connecting plate having a distal surface that bears against a proximal terminal end

surface of the opposed arms of the rod receiving portion of at least one of the bone anchors.

2. The spinal fixation system of Claim 1, further including a set screw that threadably

engages the rod receiving portion, whereby the set screw contacts and fixes the rod to the bone

anchor.

3. The spinal fixation system of Claim 2, further including a cap that threadably engages the
set screw, whereby the cap fixes the connecting plate to the rod-receiving portion of the bone

anchor.

4. The spinal fixation system of Claim 3, wherein the connecting plate defines an opening at
an end and a spanning portion extending from the end, and wherein the set screw or the cap

extend through the opening when the connecting plate 1s fixed to the bone anchor.

5. The spinal fixation system of Claim 4, wherein the connecting plate includes a buttress at

a distal side of the spanning portion.

6. The spinal fixation system of Claim 5, wherein each of two sets of bone anchors are
connected by rods and wherein the two sets of bone anchors are connected to each other by

connecting plates.

7. The spinal fixation system of Claim 4, wherein the proximal surface of the bone anchor

has a bearing surface that mates with the connecting plate and wherein the connecting plate has a

distal bearing surface that 1s domed.

8. The spinal fixation system of Claim 7, wherein the domed bearing surface of the

connecting plate is spherical or conical.

DOCSTOR: 1566255\1
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9. The spinal fixation system of Claim 8, wherein the cap has a distal bearing surface that 1s
chamfered or domed.
10.  The spinal fixation system of Claim 9, wherein the connecting plate has a proximal

bearing surface that mates with the distal bearing surface of the cap.

11.  The spinal fixation system of Claim 9, further including a floating washer, the floating
washer including a bearing surface that mates with the distal bearing surface of the cap, and rails
that slidably engage the connecting plate, whereby the connecting plate 1s fixed to the bone

anchor by compression between the floating washer and the bone anchor.

12.  The spinal fixation system of Claim 11, wherein the distal bearing surface of the cap is
domed.
13.  The spinal fixation system of Claim 3, wherein the cap threadably engages the set screw

at a threaded bore defined by the cap.

14.  The spinal fixation system of Claim 3, wherein the cap threadably engages a threaded

bore defined by the set screw.

15.  The spinal fixation system of Claim 1, wherein the connecting plate is oriented at an

angle 1n a range between about 20° and about 160° relative to the rod.

16.  The spinal fixation system of Claim 1, wherein the connecting plate is oriented at an

angle 1n a range between about 60° and about 120° relative to the rod.

17.  The spinal fixation system of Claim 1, wherein the connecting plate defines an opening at

an end and a spanning portion extending from the end.

18.  The spinal fixation system of Claim 17, wherein each end is fixed to a proximal surface

of a bone anchor.

19.  The spinal fixation system of Claim 17, wherein the spanning portion of the connecting

plate 1s arcuate.

20.  The spinal fixation system of Claim 19, wherein the spanning portion has a radius of

curvature 1n a range of between about 8mm and about 12mm.

DOCSTOR: 1566255\1
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21.  The spinal fixation system of Claim 19, wherein the spanning portion has a radius of

curvature 1n a range of between about Smm and 15mm.

22.  The spinal fixation system of Claim 17, wherein the spanning portion is offset from a

plane defined by the end of the connecting plate.

23.  The spinal fixation system of Claim 22, wherein the spanning portion 1s offset at least

about 3mm from the plane defined by the end of the connecting plate.

24.  The spinal fixation system of Claim 22, wherein the spanning portion 1s offset between

about Smm to about 10mm from the plane defined by the end of the connecting plate.

25.  The spinal fixation system of Claim 17, wherein the openings defined by the connecting
plate each independently have at least a portion of a shape selected from the group consisting of

a circle and an ellipse.

26.  The spinal fixation system of Claim 17, wherein the opening defined by the connecting

plate 1s open-ended.

27.  The spinal fixation system of Claim 1, wherein the bone anchors are each independently

selected from the group consisting of a polyaxial screw, a monoaxial screw and a bolt.

28.  The spinal fixation system of Claim 27, wherein the bone anchors include at least one

polyaxial screw.

29.  The spinal fixation system of Claim 1, wherein the distal bone anchor portion is a
polyaxial screw that includes a head that mates with the rod-receiving portion and a bone screw
portion, whereby the bone screw portion pivots about a point at the head of the bone screw

portion.

30.  The spinal fixation system of Claim 29, wherein the proximal surface of the rod receiving
portion 1s spherical and has a radius of curvature that extends from the point about which the

bone screw portion pivots.

DOCSTOR: 1566255\1
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31.  The spinal fixation system of Claim 30, wherein the connecting plate defines an opening
at an end of the plate and wherein the opening has a bearing surface that mates with the proximal

surface of the bone anchor.

32.  The spinal fixation system of Claim 30, further includes a set screw that threadably

engages the rod receiving portion and a cap that threadably engages the set screw, the cap

including a distal bearing surface that has a radius of curvature that extends from the point about

which the bone screw portion pivots.

33.  The spinal fixation system of Claim 32, wherein the polyaxial screw further includes a
compression member between the rod and the head of the distal bone screw portion of the
polyaxial screw, the compression member including a rod seat that substantially mates with the

rod.

34. A connecting plate for connection to at least one bone anchor, comprising:

an end portion defining an opening, the opening having a distal bearing surface
configured to bear against a proximal terminal end of a bone anchor and a proximal bearing
surface, the end portion defining at least one plane; and

a spanning portion extending from the end portion, at least a portion of the spanning

portion being offset from the at least one plane defined by the end portion.

35.  The spinal fixation system of Claim 34, wherein the spanning portion is offset at least

about 3mm.

36.  The spinal fixation system of Claim 34, wherein the spanning portion is offset between

about Smm.

37.  The connecting plate of Claim 34, wherein the plate includes two end portions that define

openings, the end portions connected by the spanning portion.
38.  The connecting plate of Claim 34, wherein the spanning portion includes a buttress.

39.  The connecting plate of Claim 34, wherein each of the openings include a distal bearing

surface and a proximal bearing surface.

DOCSTOR: 1566255\1
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40.  The connecting plate of Claim 34, wherein the spanning portion 1s arcuate, and wherein a
distal side of the spanning plate 1s concave.
41.  The connecting plate of Claim 39, wherein the spanning portion has a radius of curvature

in a range of between about 8mm and about 12mm.

42.  The connecting plate of Claim 39, wherein the distal bearing surface 1s domed.
43.  The connecting plate of Claim 42, wherein the distal bearing surface is spherical.
44.  The connecting plate of Claim 43, wherein the distal bearing surface has a radius of

curvature 1n a range of between about Smm and about 15mm.

45.  The connecting plate of Claim 36, wherein the proximal bearing surface 1s concave.
46.  The connecting plate of Claim 39, wherein the proximal bearing surface 1s convex.
47.  The connecting plate of Claim 46, wherein the proximal bearing surface is spherical.
48.  The connecting plate of Claim 47, wherein the radius of curvature of the proximal

bearing surface 1s in a range of between about Smm and about 15mm.

49. A spinal fixation system, comprising:
a first set of at least two bone anchors having a bone-engaging portion and a receiving
portion with opposed arms that receive a fixation element therebetween,;

a second set of at least one bone anchor;

a fixation element disposable between the opposed arms of the receiving portion of the at
least two bone anchors of the first set for connecting the bone anchors of the first set;

a connecting plate connecting a bone anchor of the first set with a bone anchor of the
second set, the connecting plate having a distal surface that bears against a proximal terminal end
surface of the opposed arms of the receiving portion of the bone anchor of the first set; and

a closure mechanism extending through the connecting plate and engaging one of the

bone anchors to fix the fixation element within the bone anchor.

DOCSTOR: 1566255\1
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50.  The spinal fixation system of Claim 49, wherein the bone-engaging portion of at least one
bone anchor includes a bone screw portion and a head that mates with the rod receiving portion,

whereby the bone screw portion pivots about a point at the head of the bone screw portion.

51.  The spinal fixation system of Claim 50, further comprising a cap engageable with the

closure mechanism to fix the connecting plate to the bone anchor.

52.  Use of a first bone anchor, a second bone anchor, a fixation element, and a connecting
plate for the fixation of vertebrae relative to each other, wherein:

the first bone anchor and the second bone anchor can be implanted in a first vertebra and
a second vertebra, respéctively;

the first and second bone anchors can be connected with the fixation element; and

a distal surface of the connecting plate can be positioned on a proximal terminal end

surface of opposed arms of a rod receiving portion of the first bone anchor.

53. The use of Claim 52 with a third bone anchor, wherein:
the third bone anchor can be implanted in the first vertebra on a side of the spine opposite
the first bone anchor, the third bone anchor including a proximal bearing surface, and

the connecting plate has been coupled to the proximal bearing surface of the third bone

anchor.
54. The use of Claim 53, wherein the fixation element 1s a rod.
55.  The use of Claim 53 with a fourth bone anchor, wherein:

the fourth bone anchor can be implanted in the second vertebra on a side of the spine

opposite the second bone anchor, the fourth bone anchor including a proximal bearing surface,
and
the connecting plate can be coupled to the proximal bearing surface of the second bone

anchor and to the proximal bearing surface of the fourth bone anchor.

56.  Use of a connecting plate and a bone anchor for the decompression of a spinal canal,
wherein:
the bone anchor is adapted to be fastened to a vertebra in which a posterior element of the

vertebra has been dissected and positioned to expand the spinal canal; and
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the connecting plate is adapted to be coupled to the bone anchor to maintain a position of

the posterior element.

57.  The use of Claim 56, wherein the posterior element is a portion of the lamina of the
vertebra.
58.  The use of Claim 56 with a second connecting plate and a second bone anchor, wherein:

the second bone anchor is adapted to be fastened to the vertebra; and

the second connecting plate is adapted to be coupled to the second bone anchor to support

the posterior element.

59.  The use of Claim 56, wherein the posterior element is a spinous process of the vertebra.

60. The use of Claim 56, wherein the bone anchor is adapted to be fastened to a lateral mass
of the vertebra.

61.  The use of Claim 56, wherein the bone anchor is adapted to be fastened to a pedicle of
the vertebra.

62. The use of Claim 56, wherein the connecting plate is adapted to be coupled to a posterior

element.

63.  The use of Claim 56, wherein the connecting plate is adapted to be coupled to a spinous

process.

64.  The use of a spinal fixation Systém claimed in any one of claims 1 to 33 for fixing

vertebrae relative to each other.

65. The use of a connecting plate as claimed in any one of claims 34 to 48 for fixing

vertebrae relative to each other.

66.  The use of a spinal fixation system as claimed in any one of claims 49 to 51 for fixing

vertebrae relative to each other.
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