Office de la Propriete Canadian CA 25062774 A1 2005/11/10

Intellectuelle Intellectual Property
du Canada Office (21) 2 562 774
“n organisme An agency of 12 DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada
CANADIAN PATENT APPLICATION
(13) A1
(86) Date de depot PCT/PCT Filing Date: 2005/04/14 (71) Demandeur/Applicant:
(87) Date publication PCT/PCT Publication Date: 2005/11/10 KYPHON INC., US
(85) Entrée phase nationale/National Entry: 2006/10/12 (72) Inventeur/inventor:

MALANDAIN, HUGUES F., US
(74) Agent: BENNETT JONES LLP

(86) N° demande PCT/PCT Application No.: US 2005/012736
(87) N° publication PCT/PCT Publication No.: 2005/1049/71

(30) Priorntes/Priorities: 2004/04/16 (US10/826,684);
2004/12/20 (US11/019,918)

(54) Titre : SUPPORT POUR OS
54) Title: SUPPORT FOR BONE

101

106a 125
106b 122\ /J

(57) Abregé/Abstract:

An Implantable medical device and methods of use thereof are provided for supporting a structure. The structure supported can
Include a bony structure. The device can include a support having a top portion, a bottom portion having a bottom surface and one
or more apertures passing therethrough. The bottom surface of the support can include a receiver configured to recelve a plurality
of anchor assemblies of one or multiple types. Each of the anchor assemblies can include a means for locking the anchor
assembly to the support element, and a base having a head and a means for locking the base to the anchor assembly. VWhen
assembled, the head of the base for one anchor assembly type may not pass through the support. In contrast, the head of the
base for a second anchor assembly type can be passable through the support.

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

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




woO 2005/104971 A1 I DU 0 D A0 Y A 0T AR 0

CA 02562774 2006-10-12

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

(19) World Intellectual Property
Organization

International Burcau

(43) International Publication Date

10 November 2005 (10.11.2005)

A61B 17/80

(51) International Patent Classification’:

(21) International Application Number:
PCT/US2005/012736

(22) International Filing Date: 14 April 2005 (14.04.2005)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
10/826,684 16 April 2004 (16.04.2004) US
11/019,918 20 December 2004 (20.12.2004) US
(71) Applicant (for all designated States except US):
KYPHON INC. [US/US]; 1221 Crossman Avenue,
Sunnyvale, CA 94089 (US).
(72) Inventor; and
(75) Inventor/Applicant (for US only): MALANDAIN,

(54) Title: SUPPORT FOR BONE

(74)

(81)

(84)

101

122\

(10) International Publication Number

WO 2005/104971 Al

Hugues, F. [FR/US]; 101 E. Middlefield Road, Mountain
View, CA 94043 (US).

Agent: KIRKLAND, Mark, D.; IFish & Richardson P.C.,
500 Arguello Street, Suite 500, Redwood City, CA 94063-
1526 (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, KM, KP, KR, KZ, L.C, LK, LR, LS, LT, LU, LV, 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, UZ, VC, VN, YU,
ZA, 7ZM, 7ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

[ Continued on next page]

(57) Abstract: An implantable
medical device and methods
of use thereof are provided for
supporting a structure.  The
structure supported can include
a bony structure. The device
can include a support having
a top portion, a bottom portion
having a bottom surface and
one or more apertures passing
therethrough. The bottom
surface of the support can
include a receiver configured
to receive a plurality of anchor
assemblies of one or multiple
types.  Each of the anchor
assemblies can include a means
for locking the anchor assembly
to the support element, and
a base having a head and a
means for locking the base to
the anchor assembly. When
assembled, the head of the
base for one anchor assembly
type may not pass through the
support. In contrast, the head
of the base for a second anchor
assembly type can be passable
through the support.

106a




CA 02562774 2006-10-12

WO 2005/104971 A1 {00 DAYHY A 0 A O A0 0

/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), For two-letter codes and other abbreviations, refer to the "Guid-
European (AT, BE, BG, CH, CY, CZ, DE, DK, ELE, ES, FI, ance Notes on Codes and Abbreviations" appearing at the begin-
FR, GB, GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO, ning of each regular issue of the PCT Gazette.

SE, SI, SK, TR), OAPI (BF, BJ, CE, CG, CI, CM, GA, GN,

GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report



CA 02562774 2006-10-12

WO 2005/104971 PCT/US2005/012736
SUPPORT FOR BONE
TECHNICAL FIELD
[0001] This invention relates to medical devices.
BACKGROUND
[0002] The use of spinal stabilization/fixation devices to align position, and/or

mechanically stabilize specific vertebrae or a region of the spine is well established.
Typically such devices utilize a spinal fixation element, comprised of a relatively rigid
member such as a plate, board or rod, which is used as a coupler between adjacent
vertebrae. Such a spinal fixation element can effect a rigid positioning of adjacent
vertebrae when attached to the pedicle portion of the vertebrae using pedicle bone
anchorage screws. Once the coupled vertebrae are spatially fixed in position, procedures

can be performed, healing can proceed or spinal fusion may take place.

[0003] Spinal fixation elements may be introduced posteriorly to stabilize the
various vertebrae of the spine, for example, in conjunction with a kyphoplasty procedure
wherein a void or cavity is made inside a vertebral body followed by filling with a bone
substitute to form an “internal cast.” Some conventional devices for this purpose are
designed to be attached directly to the posterior of the spine, but the generally invasive
nature of a conventional posterior approach used to implant these devices poses
drawbacks. One minimally invasive solution to the problem of the posterior approach
involves making a longitudinal separatiqn of the sacrospinalis group between the
multifudus and longissimus utilizing the natural cleavage plane between these two
muscles rather than detaching the paraspinal muscles from the posterior spinal elements.
Problems stemming from the prior art solutions include a high degree of invasiveness
resulting in muscle disruption and blood loss. The loss of the paraspinal muscle
attachment sites, formation of scar tissue, and loss of muscle function may compromise
the patient’s final outcome. Additionally, the prior art solutions are time consuming and

are difficult to remove.
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SUMMARY
[0004] In general, in one aspect, the invention provides an implantable medical
device for supporting a structure comprising a support element having a top portion, a
bottom portion having a bottom surface and one or more apertures passing therethrough.
The bottom portion of the support element includes a receiver for a plurality of anchor
assemblies. Each anchor assembly includes a means for locking the anchor assembly to
the support element, a base having a head and a means for locking the base to the anchor
assembly. When the support element and the anchor assembly are assembled, the base

does not pass through the support element.
[0005] Aspects of the invention provide numerous advantages.

[0006] The structure supported by the device can be a bony structure.
Alternatively, the structure supported can be the spine. In one implementation, the
posterior of the spine can be the supported structure. In other implementations, other
portions of the spine are the supported structure. In yet other implementations, the
structure supported can include a femur or other bones of the leg (e.g. tibia and fibula),

bones of the arm and wrist (e.g. humerus, radius and ulna), calcaneous, pelvis, spine and

the like.

[0007] The base of the anchor assembly of the device can be comprised of a base

head that is movably disposed within the anchor assembly.

[0008] The support element can have one or more apertures with a dimensional
configuration providing access to the base, as well as the means for locking the base to
the anchor assembly, through the top portion of the support element. The support element
apertures are configured such that the head of the base disposed within the anchor
assembly does not pass through the support element. In one implementation, the support
element of the device is elongated and can have a shape selected from the group
consisting of a board, plate, elongated cross-section, oval, square, I-beam and a rod.
Additionally, the support element can be sized to substantially span two or more vertebrae
of the spine. The support element can be comprised of a material selected from the group
consisting of titanium, stainless steel, carbon fiber, a biocompatible material, a

reabsorbable material and composites thereot.
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[0009] The receiver can be integrally disposed within the bottom surface of the
bottom portion of the support element. In one implementation, the receiver can be
attached to the bottom surface of the bottom portion of the support element. In another
implementation, the receiver can have a configuration selected from the group consisting
of a slot, groove, track, dovetail and one-way snap-in configuration. Additionally, the
receiver can have a 90-degree twist-in configuration. Alternatively, the receiver and the
anchor assembly can interconnect through a T-slot configuration. In the T-slot
implementation, the receiver can include a planar upper face, a planar lower face and a

planar medial face.

[0010] The receiver can substantially span the length of the bottom surface ot the
bottom portion of the support element, and have a plurality of ends. The receiver can
have a first end that is open and a second end that is closed. Additionally, the receiver can
have first and second ends that are both open. Alternatively, the receiver can have first
and second ends that are both closed. The receiver can have a plurality of access ports
sized for coupling the anchor assembly to the receiver distally from the receiver ends.
Additionally, the receiver can be configured to receive the anchor assemblies in two

dimensions.

[0011] The anchor assembly can be of a configuration selected from the group
consisting of a slot, groove, track, dovetail and one-way snap-in configuration. The
anchor assembly can have a 90-degree twist-in configuration or a T-slot configuration.
The anchor assembly can be comprised of a material selected from the group consisting
of titanium, stainless steel, carbon fiber, a biocompatible material, a reabsorbable material

and composites thereof.

[0012] The means for locking the anchor assembly to the support element can be
comprised of a setscrew disposed within a threaded anchor assembly locker aperture. The
setscrew can be threaded so as to lockably engage the receiver planar upper face upon
turning, such that upon so engaging the receiver planar upper face, the setscrew causes
the anchor assembly to press against the receiver lower planar face to effect locking.
Alternatively, the means for locking the anchor assembly to the support element can be a
cam. The means for locking the anchor assembly to the support element can be
comprised of a threaded blind aperture having a tapered slot substantially aligned

longitudinally with the receiver thereby providing expandable walls, a floor having a
3
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channel cut therethrough and a setscrew. Turning the setscrew into the blind aperture
causes the walls to expand outwardly to engage the receiver planar medial surface to
effect locking. Alternatively, the blind aperture is configured for a cam to effect locking
of the anchor assembly to the support element in a manner analogous that described ifor a

setscrew,

[0013] The base of the anchor assembly can be selected from the group consisting
of a screw, staple, nail, hook and a pin. The screw can be a bone anchorage screw. The
bone anchorage screw can be a pedicle screw. The base head of the anchor assembly base
can be polyaxial or a hinge-type connector. The base can have a means for locking the
base in a desired position. The means for locking the base in position can be comprised
of a threaded base aperture and a setscrew; wherein turning the setscrew nto the threaded
" base aperture results in engagement of the base head to effect locking. Alternatively, the
means for locking the base is a cam wherein the cam is disposed such that turning the

cam results in engagement of the base head with the cam to effect locking.

[0014] A method for supporting a spine using one aspect of the device can include
the steps of: implanting a plurality of anchor assemblies having bases into the pedicles of
adjacent vertebrae of a spine; connectively positioning a support element having a
receiver for the anchor assemblies on top of the anchor assemblies; locking the bases
within the anchor assemblies; and locking the anchor assemblies within the support
element receiver. In one implementation, the support element can be disposed within a
body location selected from the group consisting of the subcutaneous fat layer of the
back, muscle, cartilage and a bone. In another implementation, the support element 1s
disposed adjacent to bone. In yet another implementation, the support element 1s
disposed adjacent to the spine. In another implementation, the support element 1s

disposed external to the body.

/

[0015] A method of use of one aspect of the invention for effecting a desired
vertebral disk spacing, can include the steps of: 1) implanting the bases of a plurality of
anchor assemblies into vertebrae, wherein the bases of the anchor assemblies are
unlocked for free movement within the anchor assemblies; 2) interconnecting the anchor
assemblies with a receiver of the support element, wherein the anchor assemblies are
unlocked within a receiver; 3) locking the bases within the anchor assemblies using a

setscrew or cam; 4) compressing or distracting the bases in relation to each other to
4
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achieve a parallel displacement of the instrumented vertebrae; and 5) locking the anchor

assemblies within the support element using a set screw or cam.

[0016] A method of use of one aspect of the invention for effecting a desired
curvature of the spine can include the steps of: 1) implanting the bases of a plurality of
anchor assemblies into vertebrae, wherein the bases of the anchor assemblies are
unlocked for free movement; 2) interconnecting the anchor assemblies with a receiver of
a support element, wherein the anchor assemblies are unlocked within the receiver; 3)
compressing or distracting the bases in relation to each other to affect the
lordotic/kyphotic curvature of the spine; 4) locking the bases within the anchor
assemblies and locking the anchor assemblies within the support element, using a

sefscrew Oor cam.

[0017] Another method of using one aspect of the invention to support the spine
can include the steps of: 1) setting a series of anchor assemblies percutaneously in place
along the spine through a series of small incisions including screwing a bone anchorage
screw of each anchor assembly into one or more adjacent pedicle portions of adjacent
vertebrae in the spine, such that the anchor assemblies’ receiver mating parts align in a
parallel plane within the subcutaneous fat layer of the back 2) loading a support element
on top of the anchor assemblles mcludmg engaging the mated parts of the receiver and
the anchor assembly, either by sliding, snapping or otherwise positioning the support
element into the desired position; 3) accessing and locking the anchor assembly 1n the
support element using the locking means feature of the anchor assembly via the support
element apertures; and 4) optionally locking the bone anchorage screw feature of the
anchor assembly using the locking means feature for the bone anchorage screw via the

support element apertures.

[0018] In general, in another aspect, a minimally invasive, low profile implant
device for supporting the spine is provided. In general, in one aspect an implantable
medical device and methods are provided useful for supporting a body structure, such as
the spine, using a percutaneously disposed support element combined with a plurality of
anchor assemblies having movably attached bases. Each base can be a bone anchorage
screw. Alternatively, each base is a bone staple, nail, hook or screw. The assembled
support element and anchor assembly provide support to the spine without the need for

passage of a bone anchorage screw through the support element. The base features of the
d
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anchor assemblies can be of a type used for insertion into the pedicles of vertebrae. The

support element is configured for mated placement on top of a number of anchor
assemblies and can be locked in place. Locking of the anchor assemblies within the
support element is effected through the top of the support element via apertures passing
through the support element. The bone anchorage screw feature can optionally be locked

to prevent movement within the anchor assembly to further support the spine.

[0019] In general, in another aspect, an implantable medical device is provided

for supporting a structure including a support having a top and bottom portion and one or
more apertures passing therethrough. The bottom portion 1s adapted to receive a recelver.
The receiver includes one or more anchor assemblies, each including a head and a base
portion. The base portion engages the structure to be supported, and the receiver engages
the bottom portion of the support. When the receiver is assembled with the support, the
base does not pass through the one or more apertures. The receiver further includes a

second anchor assembly passable through one of the apertures of the receiver and

lockably engagable with the support.

10020] Implementations of the invention can include one or more of the following

features. The base can include a base head, wherein the base head is movably disposed

within the anchor assembly. The base can further include a locking means for locking the

base in a desired position relative to the support.

[0021] The one or more anchor assemblies of the device can be comprised of a

means for locking the anchor assembly to the support.

[0022] The one or more apertures of the device can have a dimensional

configuration providing access to a base and the means for locking an anchor assembly

when assembled with the support.

[0023] The support of the device can have a shape selected from the group
consisting of a board, plate, elongated cross-section, oval, square, I-beam and a rod. The
support bottom portion can include a bottom surface, wherein the receiver 1s coupled to

the bottom surface through a means including integral attachment and non-integral

attachment.
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[0024] The receiver and the anchor assembly of the device can be configured in
an interconnecting geometry including a T-slot having a planar upper face, a planar lower
face and a planar medial face. The receiver can include one or more access ports sized

for coupling an anchor assembly to the receiver distally from the receiver ends.

[0025] The head of the one or more anchor assemblies and the second anchor

assembly can include a slot, groove, track, dove tail and a snap-in configuration.

[0026] The base of the device can be a screw, staple, nail, hook or a pin. In one

embodiment, the base is a screw that is a bone screw. The base head of the base can

include a polyaxial and a hinge-type connector.

[0027] The means for locking the anchor assemblies to the support can mnclude a
deformable geometry of the head portion of the one or more anchor assemblies. The
deformable geometry of the head can include a tapered void within the head, and a
setscrew. Turning the setscrew into the threaded base aperture can result in deformation

of the head outwardly, and thereby cause the head to engage the receiver to effect
locking.

[0028]} The means for locking the base can include a threaded base aperture and a
setscrew. Turning the setscrew into the threaded base aperture can result in engagement

of the base head to effect locking the base in a desired position.

[0029] The structure supported by the device can be a fractured bony structure.

[0030] In general, in another aspect, a method is provided for supporting a bony
structure. The method includes the steps of: 1) implanting one or more anchor assemblies
having bases into bone; 2) connectively positioning a support having a recetver for the
anchor assemblies on top of one or more of the anchor assemblies at a body location
selected from the group including the subcutaneous fat layer of the back, muscle,
cartilage and a bone; 3) locking the bases within one or more of the anchor assemblies;
4) locking one or more of the anchor assemblies within the support receiver; S) passing
through the support and implanting one or more additional anchor assemblies having
bases into bone; 6) locking the bases within one or more of the additional anchor
assemblies; and 7) locking one or more of the anchor assemblies within the support
receiver. The bony structure that is supported can be fractured.

7
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[0031] In general, in another aspect, a method 1s provided for effecting a desired
vertebral disc spacing including the steps of: 1) implanting a plurality of anchor
assemblies having bases and a first and second locking means into vertebrae, wherein the
bases of the anchor assemblies are unlocked for free movement; 2) interconnecting the
anchor assemblies with the receiver of a support, wherein the anchor assemblies are
unlocked within the receiver; 3) locking the bases within the anchor assemblies using the
first locking means; 4) compressing or distracting the bases in relation to each other to

achieve a parallel displacement of the instrumented vertebrae; and 5) locking the anchor

assemblies within the support using the second locking means.

[0032] Aspects of the invention may include one or more of the following
advantageous features. In various implementations of the invention wherein the support
top portion has a smooth surface with no protruding features (e.g., screw heads or the
like), such is desirable and advantageous since the smooth surface limits irritation of
tissues and presents a smooth profile under the skin. In one implementation a smooth
profile is achieved wherein the base head of the base, though accessible through the
support, does not pass through the support or protrude above the top portion. In another
implementation, a smooth profile is achieved wherein the support apertures are sized such
that the anchor assembly can pass completely through the support top portion or bottom
portion and be lockably engaged within the support without protruding from the support.

[0033] Placement of the support can be in the subcutaneous fatty layer of the
back. Such placement is desirable since less tissue irritation, discomfort and scarring will
be experienced by a patient. Additionally, when a temporary support 1s indicated, such
placement allows for easy removal of the support device once healing or treatment is

complete (e.g., when a fractured or diseased vertebral body has been healed or treated).

[0034] A two-step independent locking of the anchor assemblies to the support
and of the bases to the anchor assemblies can be provided. One type of anchor assembly
can be constructed and arranged for loading and locking into a receiver by way of the
bottom surface of the bottom portion of the support. These anchor assemblies include a
first locking means for securing the anchor assembly within the support, and a second
locking means for securing the base within the anchor assembly. In this implementation,
the bases when loaded into the anchor assembly do not pass through the support, but can

be accessed through an aperture in the support from above. Such an arrangement allows
8
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for a two-step independent locking process wherein either the anchor assembly 1s first
locked to the support or the base is first locked to the anchor assembly. By selecting
which feature is locked first, various procedures and maneuvers can be performed upon
the structure(s) to which the bases are attached (e.g., manipulating vertebral body spacing,

adjusting spinal curvature or both).

[0035] In certain implementations of the invention where three anchor as semblies
having bases are provided, two anchor assemblies flanking a third central assembly can
be manipulated to effect spacing and curvature of the spine and to hold the position of the
spine around the spinal structure (e.g., vertebral body, annulus fibrosis or nucleus
pulposus) to be treated. Correction maneuvers can be performed prior to, or after
placement of, the central anchor assembly and base depending on the nature of the
procedure to be performed. It should be understood that the spinal structure (vertebra or
spinal disc) can be treated with or without the central anchor assembly in position, and
with or without the support in position. If the support is in position, treatment can occur
using instruments that pass through the aperture of the support. Treatment can also occur
through the longitudinal aperture of any of the base(s). Another aspect of this
implementation is the ease of insertion of the third anchor assembly through the top of the
support. Additional surgical skill is required to align and attach a third anchor assembly
in the receiver of the support, even more so than to align and attach two flanking anchor
assemblies. In this implementation, the flanking anchor assemblies are positioned first in
the receiver, and the central anchor assembly is positioned last and passes through the top

of the support.

[0036] Methods using permutations and combinations of the two types of anchor
assembly described herein are desirable for use in supporting structures. It is understood
that a number of combinations of the two anchor assembly types including a support
having two or three anchor assemblies are contemplated and are part of this disclosure.
Included in the possible permutations of use are various alternative ordered steps for
locking the anchor assemblies within the support and for locking the base within the

anchor assembly.

[0037] In implementations of the invention wherein the anchor as sembly includes
a longitudinal aperture through the base and base head, the longitudinal aperture and

setscrew aperture can be constructed and arranged for delivery of a bone substitute into
9
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the bone to be treated. Such an implementation allows for percutaneous placement of the

base using imaging guidance such as fluoroscopy, and for delivery of bone filler material.

[0038] The details of one or more embodiments of the invention are set forth in

the accompanying drawings and the description below. Other features, objects, and

advantages of the invention will be apparent from the description and drawings, and from

the claims.

DESCRIPTION OF DRAWINGS

[0039] FIG. 1 is a drawing of the device showing three anchor assemblies

positioned within the support element.

[0040] FIG. 2A is a drawing showing a top view of the support element,

illustrating the receiver and apertures.

[0041] FIG. 2B is a drawing showing a bottom view of the support element,

illustrating the receiver and apertures.

[0042] FIG. 2C is a drawing showing an end view of the support element,

illustrating the receiver.

[0043] FIG. 2D is a drawing showing two bottom views of the support element,

illustrating the anchor assembly access ports.

[0044] FIG. 3A is a drawing showing a side view of the anchor assembly,
illustrating the base, the locker aperture and the base aperture.

[0045] FIG. 3B is a drawing showing a bottom view of the anchor assembly,

illustrating the base and the threaded anchor assembly locker aperture.

[0046] FIG. 3C is a drawing showing a cutaway view of the anchor assembly,

illustrating the base head, the receptacle, the base aperture and the setscrew.

[0047] FIG. 4A is a drawing showing the locker aperture and setscrew means for

locking the anchor assembly to the support element.
10
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[0048] FIG. 4B is a drawing showing two views of a threaded blind aperture with

slot and setscrew means for locking the anchor assembly to the support element.

[0049] FIG. 4C is a drawing showing a screw, locker aperture and cavity means

for locking the anchor assembly to the support element.

[0050] FIG. 5A is a drawing of a support device showing two different anchor
assembly types positioned within the support.

[0051] FIG. 5B is a drawing showing a top view of the support, illustrating the

receiver and apertures.

[0052] FIG. 5C is a drawing showing a bottom view of the support, illustrating the

receiver and apertures.

[0053] FIG. 5D is a drawing showing a bottom view of the support, illustrating the

anchor assembly access ports.

[0054] FIG. 5E is a drawing showing a cross-sectional end view of the support,

illustrating the receiver.

[0055] FIG. 6 is a drawing of the device showing three anchor assemblies

positioned within the support.

[0056] FIG. 7 is a drawing of the device showing two anchor assemblies
positioned within the support.

[0057] FIG. 8A is a drawing showing a cutaway view of one anchor assembly type
and the support, illustrating the receiver of the support, and the anchor assembly prior to

locking into the support.

[0058] FIG. 8B is a drawing showing a cutaway view of one anchor assembly type

and the support, illustrating the receiver of the support, and the anchor assembly after

locking into the support.

[0059] FIG. 9 is a drawing showing a cutaway view of another anchor assembly
type, illustrating the anchor assembly head, base, base head, longitudinal aperture, tool

interface, receptacle, base aperture and setscrew.

11
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[0060] Like reference symbols in the various drawings indicate like elements.
DETAILED DESCRIPTION
[0061] As shown in FIG. 1 and FIGS. 2A-D, a support element 1 is provided

having a shape. The support element 1 preferably is elongate and of a sufficient length to
span a number of vertebrae in the spine. The support element 1 shape can include board,
elongated cross-section, rod, oval, square, and I-beam. The length of the support element
1 is minimally substantially the same length as required to span two or more vertebrae.
Preferably, the support element 1 is substantially the same length as required to span three
vertebrae. In one implementation, the length of the support element 1 is substantially
between 25 to 140 millimeters. The support element 1 can be made of materials that are
durable and that can be implanted in a body, including titanium, stainless steel, carbon
fiber, etc. In one implementation, the support element 1 is made of titanium. In another
implementation the support element 1 is made of a biocomp atible material. Additionally,
the support element 1 can be made of a reabsorbable material. Furthermore, the support
element can be made of a composite of any of the forgoing materials. In use, the support
element 1 and attending anchor assemblies (described in detail below) can be used for

temporary or permanent implantation.

[0062] As shown in FIGS. 2A -D, the support element 1 includes a top portion 2
and a bottom portion 103 having a bottom surface 4 and a rece1ver 5. Additionally, as
shown in FIGS. 2A and 2B, the support element 1 can include a number of centrally
aligned apertures 6. The apertures 6 can have any of a number of shapes not limited to
openings having a round, oval or elongate shape. Any number of apertures 6 can be
employed, including one or more. Inone implementation, three apertures 6 per support
element 1 are included (See FIGS. 1, 2A, 2B and 2D). Any type of spacing of apertures 6
can be used, including even or staggered. In one implementation, the apertures 6 are
spaced evenly and separated by a distance substantially equivalent to the spacing of the
vertebrae of a spine. Alternatively, the apertures 6 can be spaced closer together than the
spacing of vertebrae of a spine. The aperture(s) 6 are sized for and limited to a size
sufficient for accessing the features of the anchor assembly 7 (described in detail below)

with a tool or object through the top portion 2 of the support element 1 (e.g. to engage the

12



CA 02562774 2006-10-12
WO 2005/104971 PCT/US2005/012736

locking means of the anchor assembly 7 using, for example, a hex-headed screw driver).
In this way, as shown in FIG. 1, when the support element 1 and the anchor assembly 7
are assembled, the base head 8 of the base 9 (both described in detail below), though
accessible through the support element 1, does not pass through the support element 1. In
use (i.e., assembled with a plurality of anchor assemblies) the support element 1 top

portion 2 can have a smooth surface with no protruding features (e.g., screw heads or the

like).

[0063] In another implementation, the aperture(s) 6 are sized such that when the
support element 1 and the anchor assembly 7 are assembled, the base head 8 portion of
the base 9 can pass through the support element 1 (e.g., from beneath), but the base 2
does not pass through the support element 1 (not shown). In yet another implementation,
the aperture(s) 6 are sized such that the base 9 can pass completely through the support

element 1 (not shown).

[0064] As shown in FIGS. 2A-D the support element 1 includes a receiver 5 that
is integrally disposed within the bottom surface 4 of the support element 1. Alternatively,
the receiver 5 can be coupled to the bottom surface 4 of the support element 1 (for
example a track-type receiver 5 can be attached by rivets or screws to the bottom surface
4 of the support element 1). The receiver 5 can be configured as a slot, groove, track,
dovetail, one-way snap-in design, or the like. In one implementation, the recetver 5 1S
configured in a 90-degree twist-in configuration, wherein the base head & of the anchor
assembly 7 base 9 has two dimensions. The first dimension allows the base head 8 to
pass into the receiver 5. As the base head 8 is rotated 90 degrees with respect to the
receiver 5 and, upon completing the 90-degree rotation, the second dimension maintains
the base 9 in the receiver 5. In another implementation, as shown in FIGS. 2A-C, the
receiver 5 is a T-slot configuration. As shown in FIG. 2C, the receiver 5 includes a planar
upper face 10, a planar lower face 11 and a planar medial face 12. Alternatively, where
the configuration of the receiver 5 is dovetail, the receiver 5 includes a planar upper face
10 and an angled face. In yet another alternative, where the receiver 5 is of a curved or
rounded shape, the receiver 5 includes a curved or rounded receiver 5 face. The receiver
5 can span all or part of the length of the bottom surface 4 of the support element 1. As
shown in FIGS. 2A, 2B and 2D, each end 13 of the receiver 5 can be open or closed. In

one implementation, both ends 13 of the receiver 5 are open (not shown). In another
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implementation, one end 13 of the receiver 5 is open and the opposite end 13 1s closed
(see FIGS. 2B and 2D). In another implementation, both ends 13 of the receiver 5 are

closed (not shown).

[0065] As shown in FIG. 2D, the receiver 5 can include anchor assembly access
ports 14 that provide openings in the pathway of the receiver 5, whereby the anchor
assemblies 7 can be interconnected to the support element 1 without having to traverse
the length of the receiver 5 when accommodating multiple (or even a single) anchor
assemblies 7. The anchor assembly access ports 14 can be of a sufficient size to accept

the anchor assembly 7 and can be spaced evenly, or staggered as desired.

[0066] As shown in FIGS. 2A-C, 3A, 3B and 4A, the anchor assembly 7 1s
configured to interconnect with the shape of the receiver 5. As described above for the
receiver 5, the anchor assembly 7 complimentary shapes can be any of a number of
shapes. In some implementations, the mating between the support element 1 and the
anchor assembly 7 occurs only in two dimensions (e.g. where a 90 degree twisting
receiver 5 is employed). As shown in FIGS. 3A and 3B, the anchor assembly 7 can be
comprised of a threaded anchor assembly 7 locker aperture 15 and a threaded base
aperture 16. The anchor assembly 7 can be comprised of numerous materials that are
durable and that can be implanted in a body, including titanium, stainless steel, carbon
fiber, etc. Additionally, the anchor assembly 7 can be comprised of a reabsorbable
material or a biocompatible material. Furthermore, the anchor assembly can be made of a

composite of any of the forgoing materials.

[0067] As shown in FIGS. 4A — 4C, the anchor assembly 7 includes a means for
locking the anchor assembly 7 to the support element 1. In one implementation, as shown
in FIG. 4A, where the receiver 5 and complimentary anchor assembly 7 are T-slot shaped,
the means for locking the anchor assembly 7 can be a setscrew 17 disposed within a
threaded anchor assembly 7 locker aperture 15; wherein turning the setscrew 17 causes
the setscrew 17 to move up toward the top portion 2 of the support element 1, where the
setscrew 17 engages the receiver 5 planar upper face 10. When the setscrew 17 engages
the receiver 5, the anchor assembly 7 presses against the receiver 5 planar lower face 11

to effect locking (See FIGS 2C and 4A). Alternatively, a cam can be substituted for the

setscrew 17 to effect the locking of the anchor assembly 7 within the support element 1.
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[0068] In a further implementation, as shown in FIG. 4B, where the receiver 5 and
complimentary anchor assembly 7 are T-slot shaped, the means for locking the anchor
assembly 7 includes a threaded blind aperture 18 having a tapered slot 19 substantially
aligned with the receiver 5 path. The threaded blind aperture 18 terminates in a floor 20
with a chamnel 21 cut therethrough. The threaded blind aperture 18 and a setscrew 17 are
sized such that when engaged (i.e., screwed downward), the setscrew 17 causes expansion
of the anchor assembly 7 walls 22 outwardly, whereupon contact is made between the
anchor assembly 7 walls 22 and the receiver 5 medial surface to effect locking.

Alternatively, a cam can be substituted for the setscrew 17 to effect the locking of the

anchor assembly 7 within the support element 1.

[0069] In another implementation, as shown in FIG. 4C, where the recetver and
complimentary anchor assembly 7 are T-slot shaped, the means for locking the anchor
assembly 7 includes a locker aperture 15 having a screw 25, cam Or the likes which can
be lockably connected to the anchor assembly 7. Additionally, in this implementation the
top portion 2 of support element 1 includes a cavity 24 or recess, substantially aligned
with the receiver 5 for accommodating a screw head 26 or cam. In use, when the screw
head 26 of the screw 25 engages the cavity 24 of the receiver 5, the anchor assembly 7 1s
drawn against the receiver 5 planar upper face 10 to effect locking (See FIGS 2C and 4C).
Alternatively, a cam can be substituted for the screw 25 to effect the locking of the anchor
assembly 7 within the support element 1. In another implementation, the screw head 26
is configured as a button head style (see FIG. 4C) providing a low profile within the

cavity 24 such that the screw head 26, can be positioned within the support element 1

without protruding above the top portion 2.

[0070] In other implementations where the receiver 5 and complimentary anchor
assembly 7 are of alternative shapes or configurations (e.g. dove tail or rounded), an

analogous means of locking is provided.

[0071] As shown in FIG. 3C, the anchor assembly 7 includes a base 9 moveably
disposed within the threaded base aperture 16. The base 3 can be a screw, staple, hook or

nail and of a type typically used for anchoring to a structure (e.g., a bone). In one

implementation, the base 9 is screw of a type for insertion into the pedicle of a vertebrae.

In another implementation, the base can be attached to another bony structure.
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[0072] Attachment of the base 9 to the anchor assembly 7 can be made in any of a
number of ways. In one implementation, the attachment 1s through a hinge-type of
connection between the base 9 and the anchor assembly 7. In another implementation, as
shown in FIG. 3C, the attachment is made between a polyaxial-type base head 8 on the

base 9 and a complimentary receptacle 23 within the anchor assembly 7.

[0073] The anchor assembly 7 further includes a means for locking the base 9
within the anchor assembly 7. As shown in FIG. 3C, for a polyaxial-type base head 8, the
means for locking can include a setscrew 17 disposed within the threaded base aperture
16. In this configuration, turning the setscrew 17 causes the setscrew 17 to press directly
against the polyaxial head, thereby forcing the polyaxial head against the receptacle 23 of
the anchor assembly 7 to effect locking. Alternatively, where the base 9 is of the hinge-
type, the means for locking could be comprised of a setscrew 17 disposed in a threaded
base aperture 16. In this configuration, turning the setscrew 17 causes the setscrew 17 to
press directly against the base head 8 of the hinge-type base 9, thereby creating friction
against the hinge’s pin to effect locking (not shown). In another implementation, a cam

can be substituted for the setscrew 17 to effect locking.

[0074] Support element 1 and a one or more anchor assemblies 7, once
assembled, can be used to support a bony structure. When mated, the support element 1
and one or more anchor assemblies 7 form a support assembly. The bony structure
supported can include a femur or other bones of the leg (e.g. tibia and fibula), bones of
the arm and wrist (e.g. humerus, radius and ulna), calcaneous, pelvis, spine and the like.

Support can be provided for a single bone (i.e. a long bone such as the femur, tibia,

humerus) or for more than one bone (i.e. vertebrae).

[0075] In use, the support assembly can support a bony structure wherein the
support element 1 is disposed within a body location including the subcutaneous fat layer
of the back, muscle, cartilage, bone and the like. Alternatively, the support element 1 1s

disposed adjacent to bone. In another implementation, the support element 1 is disposed

external to the body.

[0076] Additionally, the support assembly includes a freedom of movement with
regard to the base 9 within the anchor assembly 7 and the anchor assembly 7 within the

support element 1. That is, prior to locking respective base 9 and the anchor assembly 7
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elements of the support assembly (hereinafter referred to as an unlocked configuration),
the elements of the support assembly are movable and have one or more degrees of
freedom so as allow for movement of the underlying structure being supported. For
example, in the unlocked configuration, the support assembly 1s configurable so as to
facilitate manipulation of vertebral disk spacing and spine curvature. Since the base 9
and anchor assembly 7 can be tightened and loosened by independent locking means, an
option is provided to increase or decrease the vertebral disk space/height, or to increase or
decrease the amount or lordotic/kyphotic curve of the spine, also called curvatures of the

spine.

[0077] A method of use of an aspect of invention for effecting a desired vertebral
disk spacing, can include the steps of: 1) implanting the bases 9 of a plurality of anchor
assemblies 7 into vertebrae, wherein the bases 9 of the anchor assemblies 7 are unlocked
for free movement; 2) interconnecting the anchor assemblies 7 with the receiver 5 of the
support element 1, wherein the anchor assemblies 7 are unlocked within the receiver 5; 3)
locking the bases 9 within the anchor assemblies 7 using a setscrew 17 or cam; 4)
compressing or distracting the bases 9 in relation to each other to achieve a parallel
displacement of the instrumented vertebrae (“Instrumented” meaning where a physical
connection exists between a structure (e.g. a vertebrae) and a medical device or
instrument.); and 5) locking the anchor assemblies 7 within the support element 1 using a

set screw 17 or cam.

[0078] A method of use of an aspect of invention for effecting a desired curvature
of the spine can include the steps of: 1) implanting the bases 9 of a plurality of anchor
assemblies 7 into vertebrae, wherein the bases 9 of the anchor assemblies 7 are unlocked
for free movement; 2) interconnecting the anchor assemblies 7 with the receiver 5 of the
support element 1, wherein the anchor assemblies 7 are unlocked within the receiver 5; 3)
compressing or distracting the bases 9 in relation to each other to afiect the
lordotic/kyphotic curvature of the spine; 4) locking the bases 9 within the anchor
assemblies 7 and locking the anchor assemblies 7 within the support element 1, using a

setscrew 17 or cam.

[0079] Another method of using an aspect of invention to support the spine can
include the steps of: 1) setting a series of anchor assemblies 7 percutaneously in place

along the spine through a series of small incisions including screwing a bone anchorage
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screw of each anchor assembly 7 into one or more adjacent pedicle portions of adjacent
vertebrae in the spine, such that the anchor assemblies’ receiver 5 mating parts alignin a
parallel plane within the subcutaneous fat layer of the back; 2) lo ading the support
element 1 on top of the anchor assemblies including engaging the mated parts of the
receiver 5 and the anchor assembly 7, either by sliding, snapping or otherwise positioning
the support element 1 into the desired position; 3) accessing and locking the anchor
assembly 7 in the support element 1 using the locking means feature of the anchor
assembly 7 via the support element 1 apertures 6; and 4) optionally locking the bone
anchorage screw feature of the anchor assembly 7 using the locking means feature for the

bone anchorage screw via the support element 1 apertures 6.

[0080] As shown in FIGS. 5A-E, FIG. 6 and FIG. 7, a support 101 is provided
having a shape. The support 101 preferably is elongate and of a sufficient length to span
a number of vertebrae in the spine. The support 101 shape can include board, elongated
cross-section, rod, oval, square, and I-beam, as the needs of the patient’s anatomy and/or
mechanical requirements dictate. The length of the support 101 1s minimally substantially
the same length as required to span two or more vertebrae. In one implementation, the
support 101 is substantially a length as required to span three vertebrae. In another
implementation, the length of the support 101 is substantially between 25 to 140
millimeters. The support 101 can be made of materials that are durable and that can be
implanted in a body, including titanium, stainless steel, carbon fiber, etc. In one
implementation, the support 101 is made of titanium. In another implementation the
support 101 is made of a biocompatible material, a reabsorbable material or a
combination of any of the foregoing materials and/or alloys thereof. In use, the support
101 and attending anchor assemblies 107 (described in detail below) can be used for

temporary or permanent implantation, with the degree of permanence determined post

facto.

[0081] As shown in FIGS. 5B and 5C, the support 101 includes a top portion 102
and a bottom portion 103 having a bottom surface 104 and a receiver 105. Additionally,
as shown in FIGS. 5A-D, FIG. 6, and FIG. 7, the support 101 can include a number of
centrally aligned apertures 106. The apertures 106 may also be offset or staggered. The
apertures 106 can have any of a number of shapes not limited to openings hﬁving a round,

oval, scalloped or elongate shape. Any number of apertures 106 can be employed,
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including one or more. In use (i.e., assembled with a plurality of anchor assemblies 107)

the support 101 top portion 102 can have a smooth surface with no protruding features

(e.g., screw heads or the like).

[0082] In one implementation, two apertures 106 per support 101 are included
(see FIGS. 5A-D). In another implementation, three apertures 106 per support 101 are
included (see FIG. 6). Any type of spacing of apertures 106 can be used, including even
or staggered. In one implementation, the apertures 106 are spaced evenly and separated
by a distance substantially equivalent to the spacing of the vertebrae of a spine.
Alternatively, the apertures 106 can be spaced closer together than the spacing of
vertebrae of a spine. The spacing of the apertures may also be determined by the type of
bone to be treated, for example long bones such as the femur. In one implementation, the
aperture(s) 6 are sized for and limited to a size sufficient for accessing the features of the
anchor assembly 107 (described in detail below) with a tool or object through the top
portion 102 of the support element 1 (e.g. to engage the locking means of the anchor
assembly 107 using, for example, a hex-headed screw driver). In this way, as shown in
FIG. 5A and FIG. 6, when the support 101 and the anchor assembly 107 are assembled,
the base head 108 of the base 109 (both described in detail below), though accessible

through the support 101, does not pass through the support 101.

[0083] In another implementation, the aperture(s) 106a are sized such that when
the support 101 and the anchor assembly 107a are assembled, the base head 108 portion
of the base 109 can engage the support 101 (e.g., from beneath), but the base 109 does not

pass through the support 101.

[0084] In another implementation, the aperture(s) 106b are sized such that the
anchor assembly 107b can pass completely through the support 101 top portion 102 or
bottom portion 103, such that the anchor assembly 107b can be lockably engaged within

the support 101 as desired.

[0085] As shown in FIGS. 5B-E, the support 101 includes a receiver 105 that can
be integrally disposed within the bottom surface 104 of the support 101. Alternatively,
the receiver 105 can be coupled to the bottom surface 104 of the support 101 (for

example, a track-type receiver 105 can be attached by rivets, screws or other attachment

means, to the bottom surface 104 of the support 101). The receiver 105 can be configured
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as a slot, groove, track, dovetail, one-way snap-in design, or the like. In one
implementation, the receiver 105 is configured in a twist-in configuration, wherein the
anchor assembly 107 has two dimensions. The first dimension allows the anchor
assembly 107 to pass into the receiver 105 (not shown). As the base head 108 1s rotated
90 degrees with respect to the receiver 105 and, upon completing the 90-degree rotation,
the second dimension maintains the base 109 in the receiver 105. In another
implementation, as shown in FIGS. 5B-C and 5E, the receiver 105 1s a T-slot
configuration. As shown in FIG. 5E, in cross-section, the receiver 105 includes a planar
upper face 110, a planar lower face 111 and a planar medial face 112, Alternatively,
where the configuration of the receiver 105 is a dovetail, the receiver 105 includes a
planar upper face 110 and an angled face (not shown). In yet another alternative, where
the receiver 105 is of a curved or rounded shape, the receiver 105 includes a curved or
rounded receiver 105 face (not shown). The receiver 105 can span all or part of the
length of the bottom surface 104 of the support 101. As shown in FIGS. 5C and 5D, each
end 113 of the receiver 105 can be open or closed. In one implementation, both ends 113
of the receiver 105 are open (not shown). In another implementation, one end 113 of the
receiver 105 is open and the opposite end 113 is closed (see FIGS. 5C and 5D). In

another implementation, both ends 113 of the receiver 105 are closed (not shown).

[0086] As shown in FIG. 5D, the receiver 105 can include anchor assembly access
ports 114 that provide openings in the pathway of the receiver 105, whereby the anchor
assemblies 107 can be interconnected to the support 101 without having to traverse the
length of the receiver 105 when accommodating multiple (or even a single) anchor
assemblies 107. The anchor assembly access ports 114 can be of a sufficient size to
accept the anchor assembly 107 and can be spaced evenly, or staggered as desired. The

anchor assembly access ports 114 also allow assembly when the ends 113 of the receiver

105 are closed.

[0087] As shown in FIGS. 8A and 8B, the anchor assembly 107b is configured to
interconnect with the shape of the receiver 105. As described above for the receiver 105,
the anchor assembly 107 forms a complimentary shape, which can be any of a number of
shapes. In some implementations, the mating between the support 101 and the anchor

assembly 107 occurs only in two dimensions (e.g. where a 90 degree twisting receiver

105 is employed). As shown in FIGS. 8A-B and FIG. 9, the anchor assembly 107b can be
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comprised of a head 122, a base 109b and a base head 108. The anchor assembly 107b
can be comprised of numerous materials that are durable and that can be implanted in a
body, including titanium, stainless steel, carbon fiber, etc. Additionally, the anchor
assembly 107b can be comprised of a reabsorbable material or a biocompatible material,

or a combination of any of the foregoing materials.

[0088] As shown in FIGS. 8A - and 8B, the anchor assembly 107b includes a
means for locking the anchor assembly 107b to the support 101. In one implementation,
as shown in FIG. 8 A, where the receiver 105 and complimentary head 122 of the anchor
assembly 107b are T-slot shaped, the means for locking the anchor assembly 107b can be
a setscrew 117 threaded into the head 122 of the anchor assembly 107b, wherein the head
122 includes a threaded base aperture 116b and a deformable geometry. As shown in FIG.
8B, when the setscrew 117 is turned into the threaded base aperture 116b, the deformable
head 121 is caused to splay outward such that the T-slot shape of the head 122 engages
and locks against the receiver 105 planar medial face 112. Alternatively, the head 122
may additionally engage the receiver 105 planar upper face 110 or planer lower face 111
or both to effect locking. In one implementation, the means for locking the anchor
assembly 107b is constructed and arranged such that a first step of turming the setscrew
117 into the threaded base aperture 116b results in engagement and tightening of the base
head 108 within the anchor assembly receptacle 123 in a desired position. In this
implementation, the means for locking is further constructed and arranged such that a
second step of further turning the setscrew 117 results in an outward splaying of the
deformable head 121, resulting in locking the anchor assembly 107b within the receiver
105 as discussed above. In another implementation, a cam can be substituted for the
setscrew 117 to effect the locking of the anchor assembly 107b within the support 101

(not shown).

[0089] The deformable geometry of the deformable threaded base aperture 116b
can be comprised of a void within the anchor assembly 107b head 122 wherein the void 1s
selected from the list consisting of a cavity, slot notch, groove, cut out, gap and a recess.
In one implementation, the void is tapered. In another implementation as shown in

FIG. 5, FIG. 6, and FIG. 7, the void within the anchor assembly 107b head 122, can be a
slot 124 cut into the head 122 (see detail in FIG. 7).
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[0090] As shown in FIG 9, the anchor assembly 107a includes an alternative
means for locking the anchor assembly 107a to the support 101. In one implementation,
where the receiver 105 and complimentary anchor assembly 107a are T-slot shaped, the
means for locking the anchor assembly 107a can be a setscrew 117 disposed within a
threaded anchor assembly 107a locker aperture 115 (see FIG. 9); wherein turning the
setscrew 117 causes the setscrew 117 to move toward the top portion 102 of the support
101, where the setscrew 117 engages the receiver 105 planar upper face 110 (not shown).
When the setscrew 117 engages the receiver 105, the anchor assembly 107a presses
against the receiver 105 planer lower face 111 to effect locking (see FIG. 5).

Alternatively, a cam can be substituted for the setscrew 117 to effect the locking of the

anchor assembly 107a within the support 101.

[0091] In other implementations where the receiver 105 and complimentary
anchor assembly 107 are of alternative shapes or configurations (e.g. dove tail or

rounded), means analogous to those discussed above for locking an anchor assembly to

the support are provided.

[0092] Other means for locking an anchor assembly 107 to the support 101 are
envisioned, including means as disclosed in U.S. Application Serial No. 10/826,684, filed

April 16, 2004, entitled “Subcutaneous Support”.

[0093] As shown in FIGS. 8A-B and FIG. 9, the anchor assembly 107 includes a
base 109 moveably disposed within the threaded base aperture 116a. The base 109 can be

a screw, staple, hook or nail and of a type typically used for anchoring to a structure (e.g.,
to a bone). In one implementation, the base 109 is a screw of a type for insertion into the

pedicle of a vertebra. In another implementation, the base can be attached to another

bony structure.

[0094] Attachment of the base 109 to the anchor assembly 107 can be made 1n

any of a number of ways. In one implementation, the attachment is through a hinge-type

of connection between the base 109 and the anchor assembly 107 (not shown). In another

implementation, as shown in FIGS. 8A-B and FIG. 9, the attachment is made between a
polyaxial-type base head 108 on the base 109 and a complimentary receptacle 123 within

the anchor assembly 107 head 122.
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[0095] The anchor assembly 107 further includes a means for locking the base
109 within the anchor assembly 107 head 122. As shown in FIGS. 8A-B and FIG. 9, for a
polyaxial-type base head 108, the means for locking can include a setscrew 117 disposed
within a threaded base aperture 116a. In this configuration, turning the setscrew 117
causes the setscrew 117 to press directly against the polyaxial base head 108 of the base
109, thereby forcing the polyaxial base head 108 against the receptacle 123 of the anchor
assembly 107 to effect locking. Alternatively, where the base 109 is of the hinge-type, the
means for locking could be comprised of a setscrew 117 disposed in a threaded base
aperture 116a. In this configuration, turning the setscrew 117 causes the setscrew 117 to
press directly against the base head 108 of the hinge-type base 109, thereby creating
friction against the hinge’s pin to effect locking (not shown). In another implementation,

a cam can be substituted for the setscrew 117 to effect locking (not shown).

[0096] As shown in FIGS. 8A-B and FIG. 9, another implementation of the
anchor assembly 107 includes a longitudinal aperture 120 through the base 109 and base
head 108, a tool interface 119 and a setscrew aperture 118. The longitudinal aperture 120
and setscrew aperture 118 are configured such that an instrument, wire (e.g. a K-wire) or
other guide can pass through the entire anchor assembly 107. The longitudinal aperture
120 and setscrew aperture 118 can also be configured for delivery of a bone substitute
into the bone to be treated. The setscrew aperture 118 is further configured such that a
tool or instrument can pass through the setscrew aperture 118 to engage the tool interface

119 of the base 109. Alternatively, the setscrew 117 can be a cam (not shown).

[0097] The setscrew aperture 118 can be any shape and can be sized to
accommodate the through passage and use of objects and tools without affecting the
positioning of the setscrew. The setscrew aperture 118 and longitudinal aperture 120 can
also be sized and configured to allow passage of instruments (for example, expandable |

structures, bone cutting or scraping tools, tools for delivery of bone substitute materials)

used for treating and fixing a fracture of the bone, such as in a kyphoplasty procedure.

[0098] The longitudinal aperture 120 can have any desired cross-sectional shape
including but not limited to round, square, hexagonal, oval or any regular or irregular

shape.
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[0099] The tool interface 119 can be any shape suitable for receiving a tool for
manipulating the base 109. For example, where the base 109 is a screw, the tool interface

119 can be a hex shape, or any other commonly used screw head tool interface shape.

[00100] Where an anchor assembly 107 has the above configuration, the setscrew
117 can be pre-positioned within the base aperture 116a without being tightened. The
setscrew aperture 118 and longitudinal aperture 120 (passing through the base 109 and
base head 108) enable access through a pre-assembled implementation of the anchor
assembly 107. Additionally, wherein the anchor assembly 107 is pre-assembled, access 1s

provided to the tool interface 119 of the base head 108 through the setscrew aperture 118.

[00101] A method of using an anchor assembly 107 having the above configuration
to secure the anchor assembly 107 into a structure (e.g. into a bone, such as a vertebra)
can include the steps of: 1) positioning a K-wire at the target site; 2) passing the anchor
assembly 107 onto the K-wire and guiding the anchor assembly 107 down the K-wire
length to the target site; 3) engaging the tool interface 119 of the base 109 by passing
through the setscrew aperture 118 with a tool; 4) securing the base 109 into the structure
at the target site using the tool (e.g. by screwing into vertebrae), 5) withdrawing the tool
from the tool interface 119; and 6) securing the base 109 or support 101 to the anchor
assembly 107 using the setscrew 117. Optionally, the method can include treating the

structure to be secured.

[00102] The support 101 and one or more anchor assemblies 107, once assembled,
can be used to support a bony structure. When mated, the support 101 and one or more
anchor assemblies 107 form a support assembly 125 (see FIG. 5A, FIG. 6 and FIG. 7).
The bony structure supported can include a femur or other bones of the leg (e.g. tibia and
fibula), bones of the arm and wrist (e.g. humerus, radius and ulna), and other bones such
as the calcaneus, pelvis, spine and the like. Support can be provided for a single bone
(i.e. a long bone such as the femur, tibia, humerus) or for more than one bone (1.€.

vertebrae).

[00103] In use, the support assembly 125 can support a bony structure wherein the
support 101 is disposed within a body location including the subcutaneous fat layer of the

back, muscle, cartilage, bone and the like. Alternatively, the support 101 is disposed
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adjacent to bone. In another implementation, the support 101 is disposed external to the

body.

[00104] Additionally, the support assembly 125 includes a freedom of movement
with regard to the base 109 within the anchor assembly 107 and the anchor assembly 107
within the support 101. That is, prior to locking respective base 109 and the anchor
assembly 107 elements of the support assembly 125 (hereinafter referred to as an

unlocked configuration), the elements of the support assembly 125 are movable and have

one or more degrees of freedom so as to allow for movement of the underlying structure

being supported. For example, in the unlocked configuration, the support assembly 125 1S

configurable so as to facilitate manipulation of vertebral spacing and/or curvature

correction.

[00105] As shown in FIG. 5A, FIG. 6 and FIG. 7, several implementations of the
support assembly 125 can be useful to effect an increase or decrease the vertebral disc
space/height, or to increase or decrease the amount or lordotic/kyphotic curve of the
spine, also called curvatures of the spine. Manipulation of vertebral disc spacing and

spine curvature can be achieved with each of the implementations shown.

[00106] As shown in FIG. 5, one implementation of support assembly 125 includes
a support 101 with a first and a second anchor assembly 107. In this implementation the
first anchor assembly 107a includes independent base 109 -to-anchor assembly 107 and
anchor assembly 107 -to-support 101 locking means, and is configured such that when
assembled with the support 101, the base 109a does not pass through the aperture 106a.
In contrast, the second anchor assembly 107b is configured for substantially concurrent
base 109 and anchor assembly 107 locking and is configured to be passable through the
support 101. As shown in FIGS. 5A-E, the sizing of the aperture 6, determines whether a

first or second anchor assembly 107 variant (107a or 107b) can be accommodated.

[00107] As shown in FIG. 6, in another implementation, an additional first anchor
assembly 107a, can be arranged such that the second anchor assembly 107b is flanked by
two first anchor assemblies 107a. In use, this arrangement as shown in FIG. 2, can
provide attachment to and manipulation of three consecutive vertebrae. For example, the
flanking first anchor assemblies 107a could be attached to two individual vertebrae that
flank a third vertebrae to which the second anchor assembly 107b could be attached.
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[00108] As shown in FIG. 7, in another implementation, the support assembly 125
can include two anchor assemblies 107b configured for substantially concurrent base 109

and anchor assembly 107 locking and configured to be passable through the support 101.

(00109] A method of use of one aspect of the invention for effecting a desired
vertebral disc spacing, can include the steps of: 1) implanting the bases 109 of a plurality
of anchor assemblies 107 into vertebrae, wherein the bases 109 of the anchor assemblies
107 are unlocked within the anchor assemblies 107 for free movement of the head 122; 2)
interconnecting the anchor assemblies 107 with the recetver 105 of the support 101,
wherein the anchor assemblies 107 are unlocked within the receiver 105; 3) locking the
bases 109 within the anchor assemblies 107 (e.g. using a setscrew 117 or cam); 4)
compressing or distracting the bases 109 in relation to each other (e.g. to achieve a
parallel displacement of the instrumented vertebrae (“Instrumented” meaning where a
physical connection exists between a structure (e.g. a vertebra) and a medical device or
instrument)); and 5) locking the anchor assemblies 107 within the support 101 (e.g. using

a set screw 17 or cam).

[00110] A method of use of one aspect of the invention for effecting a desired
curvature of the spine can include the steps of: 1) implanting the bases 109 of a plurality
of anchor assemblies 107 into vertebrae, wherein the bases 109 of the anchor assemblies
107 are unlocked within the anchor assemblies 107 for free movement of the head 122; 2)
interconnecting the anchor assemblies 107 with the receiver 105 of the support 101,
wherein the anchor assemblies 107 are unlocked within the receiver 105; 3) compressing
or distracting the anchor assemblies 107 in relation to each other (e.g. to affect the
lordotic/kyphotic curvature of the spine); 4) locking the bases 109 within the anchor
assemblies 107 and locking the anchor assemblies 107 within the support 101 (e.g. using

a setscrew 117 or cam).

[00111] Another method of using one aspect of the invention to support the spine
can include the steps of: 1) setting a series of anchor assemblies 107 percutaneously 1n
place along the spine through a series of small incisions including screwing a bone
anchorage screw of each anchor assembly 107 into one or more adjacent pedicle portions
of adjacent vertebrae in the spine, such that the anchor assemblies’ receiver 105 mating
parts align in a parallel plane within the subcutaneous fat layer of the back; 2) loading the

support 101 on top of the anchor assemblies 107 including engaging the mated parts of
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the receiver 105 and the anchor assembly 107, either by sliding, snapping or otherwise
positioning the support 101 into the desired position; 3) accessing and locking the anchor
assembly 107 in the support 101 using the locking means of the anchor assembly 107 via
the support 101 apertures 106; and 4) optionally locking the base 109 of the anchor
assembly 107 using the locking means (é.g. setscrew 117 or a cam) for the bone

anchorage screw via the support 101 apertures 106.

[00112] Other methods of using one aspect of the invention to support the spine
can include a variety of combinations of the two types of anchor assembly (107a and
107b) described herein and shown in FIG. 5A, FIG. 6 and FIG 7. A number of
combinations of the two types of anchor assembly 107 including a support 101 having
two or three anchor assemblies 107 attachable thereto can be used to support the spine.
For example, the support assembly 125 could include two anchor assemblies 107a, or two
anchor assemblies 107b (as shown in FIG. 7), or one anchor assembly 107a and one
anchor assembly 107b (as shown in FIG. 5A). Alternatively, the support assembly 125
could include three anchor assemblies 107 consisting of two anchor assemblies 107a and
one anchor assembly 107b arranged in the support in any possible substantially linear
‘order. An example of one such arrangement is shown in FIG. 6. Alternatively, the
support assembly 125 could include three anchor assemblies 107 consisting of two anchor
assemblies 107b and one anchor assembly 107a arranged in the support in any possible

substantially linear order (not shown).

[00113] Additional permutations for using one aspect of the invention include
employing various alternatively ordered steps for locking anchor assemblies 107 within
the support 101 and for locking the base 109 within the anchor assembly 107. For
example, a given anchor assembly 107a can be locked in position within the support 101
in a first step, followed by locking of the base 109 within the anchor assembly 107a or

VICE Versa.

[00114] The methods of supporting the spine can also be used in conjunction with
a kyphoplasty procedure. Kyphoplasty is a percutaneous technique involving the use of
an expandable structure, such as a balloon catheter, to create a cavity or void within the
vertebral body, followed by filling the cavity with a bone substitute to form an "internal
cast". The bone substitute could be any appropriate filling material used in orthopedic

surgery, including but not limited to, allograft or autograft tissue, hydroxyapatite, epoxy;
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PMMA bone cement or synthetic bone substitutes, medical grade plaster of Paris or
calcium phosphate or calcium sulfate cements. Methods and instruments suitable for
such treatment are more fully described in U.S. Pat. Nos. 4,969,888 and 5,108,404.
Kyphoplasty can be used to reduce vertebral compression fractures and to move bone
with precision, thus restoring as close to normal the pre-fracture anatomy of the vertebral
body. Vertebral compression fractures caused by trauma (for example, due to automobile
accidents or falls), have traditionally been treated with open reduction, internal fixation
stabilization hardware and fusion techniques using a posterior approach. The stabilization
hardware is used to offload the fractured vertebral body and to stop motion across the disc
so that bone graft can fuse one vertebra to the next and the stabilization hardware usually
becomes a permanent implant. In trauma, the stabilization hardware may be designed to
facilitate easy removal after fusion has occurred. Stabilization hardware can take many

forms, including those described herein.

[00115] The combination of kyphoplasty and insertion of stabilization hardware
utilizing the naturally occurring interior muscle plane as described in Wiltse and Spencer,
Spine (1988) 13(6):696-706, satisfies the goals of improving the quality of patient care

through minimally invasive surgical therapy.

[00116] A number of preferred embodiments of the invention have been described.
Nevertheless, it will be understood that various modifications may be made without
departing from the spirit and scope of the invention. For example, while the some
implementations have been described using screws to anchor into bony structures, the
scope of the invention is not so limited. Any means of anchoring can be used, such as a
cam, screw, staple, nail, pin, or hook. Accordingly, other embodiments are within the

scope of the following claims.
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WHAT IS CLAIMED IS:

1. An apparatus comprising:

a support element configured for implantable support of bone having

a top portion,

5 a bottom portion having a bottom surface and one or more apertures passing

therethrough;
the bottom surface of the support element includes

a receiver configured to receive a first plurality of anchor assemblies; and wherein

each of the anchor assemblies includes

10 a means for locking the anchor assembly to the support element, wherein the

means for locking includes a locker aperture;

a base having a head and a means for locking the base to the anchor assembly,

such that when assembled, the head of the base for the anchor assembly does not pass

through the support element.

15
2. The apparatus of claim 1, wherein the bone supported is selected from the
group consisting of a spine, femur, tibia, fibula, humerus, radius, ulna, calcaneous, and a
pelvis.
20 3. The apparatus of claim 1, wherein the base 1s comprised of a base head;

wherein the base head is movably disposed within the anchor assembly.

4. The apparatus of claim 1, wherein the one or more apertures have a
dimensional configuration providing access to the base and the means for locking the
o5  base to the anchor assembly through the top portion of the support element; wherein the
head of the base for the anchor assembly does not pass through the support element.

5. The apparatus of claim 1, wherein the support element has a shape selected

from the group consisting of a board, plate, elongated cross-section, oval, square, I-beam

30 and a rod.
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6. The apparatus of claim 1, wherein the support element is sized to substantially

span two or more vertebrae.

7. The apparatus of claim 1, wherein the receiver is integrally disposed within the

bottom surface of the bottom portion of the support element.

8. The apparatus of claim 1, wherein the receiver is attached to the bottom surface

of the bottom portion of the support element.

9. The apparatus of claim 1, wherein the receiver is comprised of a plurality of
access ports sized for coupliﬂg the anchor assembly to the receiver distally from the

recelver ends.

10. The apparatus of claim 1, wherein the receiver and the anchor assembly are
configured in an interconnecting geometry comprising a T-slot, wherein the T-slot of the
receiver comprises a planar upper face, and a planar lower face, and

wherein the means for locking the anchor assembly to the support element
includes

a setscrew disposed within the locker aperture;

wherein the setscrew and locker aperture are threaded so as to lockably engage a
receiver planar upper face upon turning; and

wherein upon so engaging a receiver planar upper face, the setscrew causes the

anchor assembly to press against the receiver lower planar face to ettect locking.

11. The apparatus of claim 15, wherein the means for locking the anchor
assembly to the support element is comprised of a threaded blind aperture having a slot
substantially aligned longitudinally with the receiver thereby providing expandable walls,
a floor having a cut channel therethrough and a setscrew; and

wherein turning the setscrew into the blind aperture causes the expandable walls

to expand outwardly;

wherein the walls engage a receiver planar medial surface to effect locking.
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12. The apparatus of claim 1, wherein the base 1s selected from the group

consisting of a screw, staple, nail, hook and a pin.

13. A method for supporting a bony structure, the method comprising the steps of:
5 1) implanting a plurality of anchor assemblies having bases into the bone;
2) connectively positioning a support element having a receiver for the
anchor assemblies on top of the anchor assemblies;
3) locking the bases within the anchor assemblies; and

4) locking the anchor assemblies within the support element recelver.

10
14. The method of claim 13, wherein the support element is disposed within a
body location selected from the group consisting of the subcutaneous fat layer of the
back, muscle, cartilage and a bone.
15 | 15. The apparatus of claim 1, wherein a second plurality of anchor assemblies are

passabIe through one of the apertures and lockably engagable with the support element.

16. The apparatus of claim 1, wherein the one or more apertures have a

dimensional configuration providing access to a base and the means for locking an anchor

20  assembly when assembled with the support element.

17. The apparatus of claim 1, wherein the means for locking the anchor

assemblies to the support element includes a deformable geometry of the head portion of

the one or more anchor assemblies.

25
18. The apparatus of claim 17, wherein the deformable geometry of the head 1s
comprised of a tapered void within the head, and a setscrew;
wherein turning the setscrew into the threaded base aperture results in deformation
of the head outwardly; and
30 wherein the head engages the receiver to effect locking.

19. A method for effecting a desired vertebral disk spacing including the steps of:
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1) implanting a plurality of anchor assemblies having bases and a first and
second locking means into vertebrae, wherein the bases of the anchor assemblies
are unlocked for free movement;

2) interconnecting the anchor assemblies with the receiver ot a support
element, wherein the anchor assemblies are unlocked within the recelver;

3) locking the bases within the anchor assemblies using the first locking
means;

4) compressing or distracting the bases in relation to each other to achieve
a parallel displacement of the instrumented vertebrae; and

5) locking the anchor assemblies within the support element using the

second locking means.

20. A method for supporting a bony structure, the method comprising the steps of:

1) implanting one or more anchor assemblies having bases into bone;

2) connectively positioning a support element having a receiver for the
anchor assemblies on top of one or more of the anchor assemblies at a body
location selected from the group consisting of the subcutaneous fat layer of the
back, muscle, cartilage and a bone;

3) locking the bases within one or more of the anchor assemblies;

4) locking one or more of the anchor assemblies within the support
clement receiver;

5) passing through the support element and implanting one or more
additional anchor assemblies having bases into bone;

6) locking the bases within one or more of the additional anchor
assemblies; and

7) locking one or more of the anchor assemblies within the support

element receiver.

32



CA 02562774 2006-10-12

PCT/US2005/012736

WO 2005/104971

1/14

ON

@ quuuuuuuyuuuuu,

% N—))))))))
o

O
9 Iuguuuuyu

A A

[~

FIG. 1



CA 02562774 2006-10-12
WO 2005/104971 PCT/US2005/012736

13



CA 02562774 2006-10-12
WO 2005/104971 PCT/US2005/012736

3/14

FIG. 3C



CA 02562774 2006-10-12
WO 2005/104971 PCT/US2005/012736

4/14

14




CA 02562774 2006-10-12
WO 2005/104971 PCT/US2005/012736

5/14




CA 02562774 2006-10-12
WO 2005/104971 PCT/US2005/012736

6/14




00000000000000000000

7/14

PCT/US2005/012736

- FIG. 4C



CA 02562774 2006-10-12
WO 2005/104971 PCT/US2005/012736

8/14




CA 02562774 2006-10-12
WO 2005/104971 PCT/US2005/012736

9/14

101 113




CA 02562774 2006-10-12
WO 2005/104971 PCT/US2005/012736

10/14




CA 02562774 2006-10-12

PCT/US2005/012736

WO 2005/104971

11/14

106b

107a
109a

DN\ ) ) )N,

107b

3
@)
-,
-



CA 02562774 2006-10-12

PCT/US2005/012736

WO 2005/104971

12/14

125
122 (/

101
\
FIG. 7

102




CA 02562774 2006-10-12
WO 2005/104971 PCT/US2005/012736

13/14

117 118




CA 02562774 2006-10-12
WO 2005/104971 PCT/US2005/012736

14/14

117 107a

115 118 /_/

a—~__122

— 116a
| 123

119
108

109a 120

FIG. 9



102

109a

DD,

1062

121




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - abstract drawing

