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EXPANDABLE INTERBODY IMPLANT
BACKGROUND OF THE INVENTION

The present invention relates generally to an expandable interbody

implant, and more particularly to a lordotic expandable interbody implant
adapted for oblique posterior, oblique anterior, co-axial posterior, or co-axial
anterior, insertion and placement in a disc space having a surgically-corrected

height between adjacent vertebral bodies in the lumbar spine.

Description of the Related Art

Lordotic expandable spinal fusion implants are known in the art. The
lordotic, tapered configuration of such known implants assists in the restoration
or enhancement of spinal lordosis in the lumbar spine. The expandability of
such implants allows placement of a potentially larger implant through a smaller
opening in a patient’s body, with selective expansion in a selected direction
providing the advantage of increasing the height of the implant and
corresponding distraction of the disc space, without a concomitant increase in
the width of the implant. The related art implants, however, have certain
disadvantages.

For example, the configurations of the leading ends of the related art
implants limit the preferred placement of the implants in the disc space to be
along an axis defined between the anterior and posterior portion of the disc
space. Oblique placement has not been optimized with the related art implants.

The related art implants, moreover, typically employ ramp-on-ramp
linkage mechanisms, which have proven to be unreliable in enabling such
implants to smoothly and reliably increase to a selected height desired by the
surgeon.

In addition, the related art implants have experienced difficulty with
maintaining, during insertion and expansion within the disc space, a selected
volume of bone graft material stored in the implant. During expansion of such
related-art implants within the disc space, some of the stored bone graft material
often escapes, thereby reducing the selected volume of bone graft material

stored in the implant.
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SUMMARY OF THE INVENTION

It is an object of the present invention to provide an expandable interbody

implant adaptable to allow placement of a potentially larger implant through a
smaller opening in a patient’s body, including, but not limited to, placement into
a surgically-corrected disc space between two adjacent vertebrae of a spine.

It is another object of the present invention to provide an expandable
interbody implant which can, in one embodiment, be inserted at an oblique
angle with respect to an axis defined between an anterior surface and a
posterior surface of a disc space, and in other embodiments, also be inserted
along the axis from the anterior surface or the posterior surface.

It is a further object of the present invention to provide an expandable
interbody implant having an improved driving link, enabling a surgeon to
smoothly and reliably expand the implant to a selected height.

It is a further object of the present invention to provide an expandable
interbody implant that maintains a near-constant graft volume chamber to avoid
formation of pockets in the bone graft as the implant expands.

It is a further object of the present invention to provide an expandable
interbody implant with improved control over loss, during expansion, of bone
graft material stored within the implant.

These and other objects of the present invention will be apparent from
review of the following specification and the accompanying drawings.

In view of the above objects, an expandable interbody implant, in
accordance with the present invention, includes a leading end, and a trailing
end, adapted for insertion at least into a disc space having a surgically-
corrected height, between two adjacent vertebrae of a spine.

An upper member has an upper surface extending between the leading
end and the trailing end, and an upper opening defined in the upper surface.

A lower member has a lower surface extending between the leading end
and the trailing end, pivotally connected to the upper member at least via a drive
link, and a lower opening defined in the lower surface.

A bone graft storage portion is provided intermediate the leading end and

the trailing end, including a hollow portion configured to be packed with a
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selected volume of bone growth material and adapted to allow bone growth
between the adjacent vertebrae via the upper and lower openings and the bone
graft storage portion. A translational wall is movably mounted between the bone
graft storage portion and the trailing end.

An actuator opening is defined proximate the trailing end, and configured
for insertion therein of an actuator.

The actuator, following insertion thereof into the actuator opening,
pushes the bone graft storage portion toward the leading end and into
engagement with the drive link, thereby pushing the drive link forward and
moving the upper member upward away from the lower member.

The drive link includes an elongated member having opposing first and
second ends, the first end being pivotally attached to the upper member
proximate the leading end, and the second end being movably mounted on the
lower member proximate the bone graft storage portion, and a ramp portion
having a surface defined between the first end and the second end.

The bone graft storage portion, when being pushed forward by the
actuator, is adapted to engage the second end of the drive link, pushing it along
the lower member, thereby resulting in pivotable translation between the first
end of the drive link and the upper member.

The pivotable translation between the first end of the drive member and
the upper member continues until the surface of the ramp portion engages the
front end of the bone graft storage portion.

The translational wall is mounted in a track at a rear portion of the hollow
portion. Pivoting the upper member upward engages the translational wall,
thereby raising it upward in the track. An upper surface of the translational wall
is adapted to remain substantially flush with an inner surface of the upper
member, thereby assisting in preventing loss of the bone graft material from the
hollow portion of the bone graft storage portion.

The surface of the ramp of the drive link comes into contact with a front
end of the bone graft storage portion, thereby preventing formation of pockets in
the bone graft material and keeping the volume of the bone graft material

substantially constant.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a trailing end perspective view of an expandable interbody

implant in accordance with an embodiment of the present invention;

FIG. 2 is an exploded perspective view of an expandable interbody
implant in accordance with the present invention;

FIG. 3 is a side elevational view of one embodiment of an expandable
interbody implant in accordance with the present invention, adapted for oblique,
anterior, or posterior insertion and placement in a disc space;

FIG. 4 is a top view of the embodiment of Fig. 3;

FIG. 5 is a cross-sectional side view of an expandable interbody implant
in accordance with the present invention, in an unexpanded position;

FIG. 6 is a cross-sectional side view of an expandable interbody implant
in accordance with the present invention, in a partially-expanded position;

FIG. 7 is a side view of an expandable interbody implant in accordance
with the present invention, in the partially-expanded position.

Fig. 8 is a side elevational view of another embodiment of an expandable
interbody implant in accordance with the present invention;

Fig. 9 is a top view of an expandable interbody implant in accordance
with the present invention, having a beveled leading end, inserted into a
surgically-corrected disc space between two adjacent vertebrae of a spine, at an
oblique angle with respect to an axis extending from an anterior portion of the
disc space to a posterior portion of the disc space; and

Fig. 10 is a top view of an expandable interbody implant in accordance
with the invention, having a substantially vertical planar leading end, inserted
into a surgically-corrected disc space between two adjacent vertebrae of a
spine, along an axis extending from a posterior portion of the disc space to an

anterior portion of the disc space.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Other embodiments of the invention will be apparent to those skilled in

the art from consideration of the specification and practice of the invention
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disclosed herein. It is intended that the embodiments described below be
considered as exemplary only, with a true scope and spirit of the invention being
indicated by the appended claims.

As shown in Figs. 1-7, an expandable interbody implant 20 includes a
leading end 22 and a trailing end 24. Implant 20 is adapted for insertion at least
into a disc space having a surgically-corrected height between two adjacent
vertebrae of a spine. Implant 20, moreover, is adapted for movement from an
unexpanded position to an expanded position.

Implant 20 includes an upper member 26, having an upper surface 28
extending between leading end 22 and trailing end 24, with an upper opening
30 defined in upper surface 28.

Implant 20 further includes a lower member 32, having a lower surface
34 extending between leading end 22 and trailing end 24, with a lower opening
36 defined in lower surface 34.

A bone graft storage portion 38 is preferably provided intermediate
leading end 22 and trailing end 24. As shown in Figs. 2 and 5-6, the bone graft
storage portion 38 includes a rearward-extending portion 40, a rear end portion
41, and a hollow portion 46 sized to receive a selected volume of bone graft
material, which may be of a type well-known in the art. As shown in Fig. 2, the
side walls of hollow portion 46 align with rear portions of the sides of the upper
and lower openings 30 and 36. Once implant 20 is implanted in the disc space,
the bone graft material is adapted to facilitate bone growth between the
adjacent vertebrae, via upper opening 30, hollow portion 46, and lower opening
36. In a preferred embodiment, as shown in Figs. 2-6, end portion 41 has a
generally hemi-cylindrical configuration generally corresponding in shape to a
portion of the perimeter of upper opening 30.

In a preferred embodiment, and as shown in Figs. 2-6, a translational
wall 48 is movably provided in a slot 50 provided in bucket portion 38 between
rear end portion 41 and hollow portion 46. Preferably, translational wall 48
includes a pair of vertical extensions 52, slidably mounted in a pair of tracks 54
defined in end portion 41. As shown in Fig. 2, vertical extensions 52 and tracks

54 have a cylindrical configuration, but any configuration, e.g., a rectangular
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configuration, is within the scope of the invention. In addition, a pin 56 extends
through an aperture 58 in the translational wall 48. As shown in Figs. 1-3, and 7,
pin 56 inserts through an oval-shaped aperture 60 defined in a side wall 62 of
upper member 26. Pin 56 is adapted to slide in the oval-shaped aperture 60.

An actuator 68 is adapted to be inserted into and move through an
actuator opening 70 in trailing end 24 of implant 20. Preferably, actuator 68 is a
threaded actuator having a threaded portion 72 and an actuating end 74. The
threads defined on threaded portion 72 are configured to threadably engage
corresponding threads in actuator opening 70. A threaded actuator and
threaded opening are preferred because, once implant 20 is expanded, the
threaded engagement between actuator 68 and actuator opening 70 assists in
retaining implant 20 in its expanded position. The invention, however, is not
limited to use with a threaded actuator or threaded actuator opening. Other
actuator configurations, and corresponding actuator opening configurations,
which are well-known in the art can be used, and are within the scope of the
invention.

The implant includes a drive link 80. Drive link 80 preferably is configured
as an elongated member having a first end 82, and an opposed second end 90,
and a ramp portion 81 intermediate the two opposing end portions, ramp portion
81 including a face portion 83 terminating in a peak portion 83a. As shown in
Figs. 2 and 5-6, first end 82 includes an elongated pin 84 extending through an
aperture 86 in the first end, and also through an aperture 88 defined in side wall
62 of upper member 26, proximate leading end 22. As further shown in Figs. 2
and 5-6, second end 90 is movably mounted on an inner surface 92 of lower
member 32.

Insertion and placement of a preferred embodiment of the expandable
interbody implant in accordance with the present invention will be explained
below:

As shown in Figs. 5-7, forward movement of actuator 68 brings actuating
end 74 into contact with rear end portion 41 of bucket portion 38. Bucket portion
38, including hollow portion 46 is pushed forward until the front of hollow portion

46 engages second end 90 of drive link 80. Second end 90 of drive link 80 is
6
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pushed forward on inner surface 92 of lower member 32, causing first end 82
and ramp portion 810f drive link 80 to pivot upward. The upward movement of
first end 82 pushes upper member 26 upward, in an upward pivotal motion, up
and away from lower member 32, pivoting on a pair of pins 100, inserted
through apertures 102, which join upper and lower members 26 and 32 together
proximate trailing end 24.

As upper member 26 moves upward, pin 56 slides in oval-shaped
aperture 60, thereby raising translational wall 48 upward, as shown in Fig. 6. As
shown in Figs. 5-6, as a result of this configuration, an upper surface 64 of
translational wall 48, which is substantially flush with an inner surface 66 of
upper member 26 when implant 20 is in the unexpanded position, continues to
remain substantially flush with inner surface 66 of upper member 26, throughout
the upward pivotal movement of upper member 26. As further shown in Fig. 6,
the upward movement of upper wall 48 corresponding to the pivotal upward
movement of upper member 26 raises translational wall 48 to a position where it
substantially prevents any of the selected volume of bone graft material packed
into a bone graft storage portion 46 from escaping out of the bone graft storage
space in the direction of translational wall 48 during expansion of the implant,
thereby helping to retain the selected volume of bone graft material within
implant 20.

Pivotal upward expansion of upper member 26 is limited by face portion
83 of the ramp portion 81 of drive link 80. Face 83 eventually comes into contact
with a front surface 49 of the bucket portion 38, thereby acting as a stop, and
preventing further pivotal expansion of the implant 20.

Moreover, as the bone graft storage portion 38 moves forward to actuate
the implant, the graft volume defined by the bone graft storage portion on the
face portion 83 on the “front end,” and the upper and lower endplates of the
adjacent vertebral bodies (via the upper and lower openings 30 and 36
respectively), remains substantially constant because, as the top-to-bottom
dimension of the implant increases with expansion, the front-to-back dimension
of the hollow portion 46 between the translational wall 48 and the face 83 in

contact with the front surface 49 decreases simultaneously, thereby reducing
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formation of pockets in the bone graft material stored in the bone graft storage
portion 38.

Leading end 22 of implant 20 can have different configurations.

In one preferred embodiment, as shown in Figs. 1-2, leading end 22 has
a substantially rounded, bullet-shaped configuration.

In another preferred embodiment, as shown in Figs. 3-4, and 9, leading
end 22 has a beveled surface 3 defining an oblique angle a between upper
surface 28 and lower surface 34. Oblique angle a preferably is approximately
45°. As shown in Fig. 9, beveled leading end 22 of this embodiment is capable
of insertion into the disc space at an oblique angle, preferably 45°, with respect
to the axis defined between anterior and posterior portions of the disc space.
The beveled leading end of this embodiment also is capable of insertion into the
disc space along the axis defined between anterior and posterior portions of the
disc.

In another embodiment, as shown in Fig. 8, leading end 22 has a
generally planar shape, defining substantial right angles with respect to each of
upper and lower surfaces 28 and 34, respectively. As shown in Fig. 10, leading
end 22 of this embodiment also is configured for insertion of the implant into the
disc space at least along the axis defined between anterior and posterior
portions of the disc space.

There is disclosed in the above description and the drawings, implants,
which fully and effectively accomplish the objectives of this invention. It will be
apparent, however, that variations and modifications of the disclosed
embodiments may be made without departing from the principles of the

invention or the scope of the appended claims.
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WHAT IS CLAIMED 1S:

1.

An expandable interbody implant, having a leading end and a trailing
end, adapted for insertion at least into a disc space having a surgically-
corrected height, between two adjacent vertebrae of a spine, comprising:

an upper member having an upper surface extending between the
leading end and the trailing end, and an upper opening defined in the
upper surface;

a lower member having a lower surface extending between the
leading end and the trailing end, pivotally connected to the upper
member at least via a drive link, and a lower opening defined in the lower
surface;

a bone graft storage portion provided intermediate the leading end
and the trailing end, including a hollow portion configured to be packed
with a selected volume of bone growth material and adapted to allow
bone growth between the adjacent vertebrae via the upper and lower
openings and the bone graft storage portion, and a translational wall
movably mounted between the bone graft storage portion and the trailing
end; and

an actuator opening proximate the trailing end, configured for
insertion of an actuator therein,

wherein the actuator is adapted, following insertion into the
actuator opening, to push the bone graft storage portion toward the
leading end and into engagement with the drive link, thereby pushing the
drive link forward and pivoting the upper member upward away from the
lower member; and

wherein pivoting the upper member upward engages the
translational wall, thereby moving the translational wall to a position
adapted to assist in preventing loss of the bone graft material from the
bone graft storage portion.

The expandable interbody implant of claim 1, wherein the drive link
comprises an elongated member having opposing first and second ends,

the first end pivotally attached to the upper member proximate the
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10.

11.

leading end, and the second end movably mounted on the lower member
proximate the bone graft storage portion.

The expandable interbody implant of claim 2, wherein the bone graft
storage portion, when being pushed forward by the actuator, is adapted
to engage the second end of the drive link, pushing it along the lower
member, thereby resulting in pivotable translation between the first end of
the drive link and the upper member.

The expandable interbody implant of claim 3, wherein the drive link
further comprises a ramp portion intermediate the first and second ends,
the ramp portion having a surface, wherein the pivotal translation
between the first end of the drive member and the upper member
continues until the surface of the ramp portion engages a front end of the
bone graft storage portion.

The expandable interbody implant of claim 1, wherein the upper member
and the lower member are further pivotally connected proximate the
trailing end.

The expandable interbody implant of claim 1, wherein the translational
wall is mounted in a track at a rear portion of the hollow portion, and
pivoting the upper member upward raises the translational wall in the
track.

The expandable interbody implant of claim 6, wherein an upper surface
of the translational wall is adapted to remain substantially flush with an
inner surface of the upper member.

The expandable interbody implant of claim 1, wherein the leading end,
defines a substantially vertical, substantially planar surface.

The expandable interbody implant of claim 1, wherein the leading end
defines a beveled surface.

The expandable interbody implant of claim 1, wherein the leading end
defines a substantially rounded surface.

The expandable interbody implant of claim 1, wherein the bone graft

storage portion is adapted to interact with at least one of the drive link
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12.

and the translational wall to maintain a substantially constant volume of
the bone graft material therein during the implant expansion.
An expandable interbody implant, having a leading end and a trailing
end, adapted for insertion at least into a disc space having a surgically-
corrected height, between two adjacent vertebrae of a spine, comprising:
an upper member having an upper surface extending between the
leading end and the trailing end, and an upper opening defined in the
upper surface;

a lower member having a lower surface extending between the
leading end and the trailing end, and a lower opening defined in the lower
surface;

a bone graft storage portion provided intermediate the leading end
and the trailing end, including a hollow portion configured to be packed
with a selected volume of bone growth material and adapted to allow
bone growth between the adjacent vertebrae via the upper and lower
openings and the bone graft storage portion, and a translational wall
movably mounted between the bone graft storage portion and the trailing
end;

an elongated drive link pivotally connecting the upper member and
the lower member, having first and second ends, the first end being
pivotally attached to the upper member proximate the leading end, and
the second end being movably mounted on the lower member proximate
the bucket portion; and

an actuator opening proximate the trailing end, configured for
insertion of an actuator therein;

wherein the actuator is adapted, after insertion into the actuator
opening, to push the bone growth storage portion toward the leading end
and into engagement with the drive link, thereby pivoting the upper
member upward to a height substantially equal to the surgically-corrected

height between the adjacent vertebrae.
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13.

14.

15.

16.

17.

18.

19.

20.

The expandable interbody implant of claim 12, wherein the pivotable
upward movement of the upper member engages the translational wall,
thereby moving the translational wall upward.
The expandable interbody implant of claim 12, wherein the translational
wall comprises a pin inserted therethrough, in a direction generally
transverse to a longitudinal axis of the implant, at least one end of the pin
adapted to extend through a generally oval-shaped aperture defined in at
least one sidewall of the upper member.
The expandable interbody implant of claim 14, wherein a length of the
generally oval-shaped aperture is adapted such that, as the upper
member pivots upward a selected distance, the at least one pin moves in
the general oval-shaped aperture a corresponding amount to move the
translational wall upward and retain an upper end of the translational wall
substantially flush with an inner surface of the upper member.
The expandable interbody implant of claim 12, wherein the leading end,
defines a substantially vertical substantially planar surface.
The expandable interbody implant of claim12, wherein the leading end,
defines a beveled surface.
The expandable interbody implant of claim 12, wherein the leading end
defines a substantially rounded surface.
The expandable interbody implant of claim 12, wherein the bone graft
storage portion is adapted to interact with at least one of the drive link
and the translational wall to substantially maintain the selected volume of
bone growth material in the hollow portion during the implant expansion.
An expandable interbody implant, having a leading end and a trailing
end, adapted for insertion at least into a disc space having a surgically-
corrected height, between two adjacent vertebrae of a spine, comprising:
an upper member having an upper surface extending between the
leading end and the trailing end, and an upper opening defined in the

upper surface;
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a lower member having a lower surface extending between the
leading end and the trailing end, and a lower opening defined in the lower
surface;

a bone graft storage portion intermediate the leading end and the
trailing end, configured to be packed with a selected volume of bone
growth material and adapted to allow bone growth between the adjacent
vertebrae via the upper and lower openings;

a translational wall movably mounted between the bone graft
storage portion and the trailing end; and

an elongated drive link pivotally connecting the upper member and
the lower member, having first and second ends, the first end being
pivotatally attached to the upper member proximate the leading end, and
the second end being movably mounted on the lower member proximate
the bone graft storage portion;

wherein the bone graft storage portion is positioned and adapted,
upon actuation of the implant, to drive the second end of the drive link
toward the leading end, thereby moving the first end of the drive link
upward;

wherein the first end of the drive link is adapted to raise the upper
member pivotally upward; and

wherein the upward movement of the upper member is adapted to

raise the translational wall.

13



WO 2016/073214 PCT/US2015/056929

20



PCT/US2015/056929

WO 2016/073214




WO 2016/073214 PCT/US2015/056929




WO 2016/073214 PCT/US2015/056929




WO 2016/073214 PCT/US2015/056929




WO 2016/073214 PCT/US2015/056929

&/7




WO 2016/073214 PCT/US2015/056929

FIG. 10



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2015/056929

A. CLASSIFICATION OF SUBJECT MATTER
AG1F 2/44(2006.01)i, AG1F 2/46(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
AGI1F 2/44; AG1F 2/46; A61F 2/30

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models

Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: vertebral implant, expandable, bone graft material, storage, translational wall, actuator, drive
link, pivot, ramp portion

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 2014-0324171 A1 (GLOBUS MEDICAL, INC.) 30 October 2014 1-20
See paragraphs [0002]-[0043]; claims 1-19; figures 1-14.

A US 2006-0206207 A1 (DRYER, R. F. et al.) 14 September 2006 1-20
See paragraphs [0007]-[0083]; claims 1-46; figures 1-16.

A US 2002-0068977 A1 (JACKSON, R. P.) 06 June 2002 1-20
See claims 1-19; figures 1-19.

A US 2013-0190876 A1 (DROCHNER, T. E. et al.) 25 July 2013 1-20
See claims 1-20; figures 1-21.

A US 6491724 B1 (FERREE, B.) 10 December 2002 1-20
See claims 1-13; figures 1-14.

. . . . N .
|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referting to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
23 December 2015 (23.12.2015) 02 February 2016 (02.02.2016)
Name and mailing address of the [SA/KR Authorized officer

International Application Division
¢ Korean Intellectual Property Office Han, Inho
189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

inb;imile No. +82-42-472-7140 Telephone No. +82-42-481-3362

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2015/056929
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2014-0324171 Al 30/10/2014 EP 2488120 Al 22/08/2012
JP 2013-508031 A 07/03/2013
US 2011-0093074 Al 21/04/2011
US 2012-0035729 Al 09/02/2012
US 2012-0150304 Al 14/06/2012
US 2012-0150305 Al 14/06/2012
US 2012-0158146 Al 21/06/2012
US 2012-0158147 Al 21/06/2012
US 2012-0158148 Al 21/06/2012
US 2012-0203347 Al 09/08/2012
US 2015-0282942 Al 08/10/2015
US 8062375 B2 22/11/2011
US 9039771 B2 26/05/2015
US 9119730 B2 01/09/2015
WO 2011-047230 Al 21/04/2011
US 2006-0206207 Al 14/09/2006 US 2010-0057208 Al 04/03/2010
US 2010-0286780 Al 11/11/2010
US 7655046 B2 02/02/2010
US 8403990 B2 26/03/2013
WO 2006-078972 A2 27/07/2006
WO 2006-078972 A3 21/12/2006
US 2002-0068977 Al 06/06/2002 AU 2001-089152 Al 18/06/2002
US 6773460 B2 10/08/2004
WO 02-45627 Al 13/06/2002
US 2013-0190876 Al 25/07/2013 WO 2013-109346 Al 25/07/2013
US 6491724 B1 10/12/2002 AU 2000-050475 Al 05/03/2001
AU 2000-050475 B2 04/11/2004
AU 2000-062476 Al 12/04/2001
AU 2003-229001 Al 11/11/2003
AU 2003-239172 Al 10/11/2003
CA 2322350 Al 06/04/2001
CA 2375691 Al 15/02/2001
CA 2377836 Al 29/11/2001
CA 2483266 Al 06/11/2003
CN 1294053 A 09/05/2001
EP 1108548 Al 20/06/2001
EP 1180978 Al 27/02/2002
EP 1180978 B1 11/05/2005
EP 1180978 B2 17/11/2010
EP 1292251 Al 19/03/2003
EP 1503682 A2 09/02/2005
JP 2001-105587 A 17/04/2001
JP 2003-506133 A 18/02/2003
JP 2003-534046 A 18/11/2003
JP 2005-523100 A 04/08/2005

Form PCT/ISA/210 (patent family annex) (January 2015)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2015/056929
Patent document Publication Patent family Publication
cited in search report date member(s) date

KR 10-2001-0039997 A 15/05/2001
KR 10-2005-0018665 A 23/02/2005
US 2002-0128630 Al 12/09/2002
US 2002-0128652 Al 12/09/2002
US 2002-0128713 Al 12/09/2002
US 2002-0128718 Al 12/09/2002
US 2002-0133231 Al 19/09/2002
US 2002-0151981 Al 17/10/2002
US 2002-0156532 Al 24/10/2002
US 2002-0156533 Al 24/10/2002
US 2002-0165542 Al 07/11/2002
US 2003-0004574 Al 02/01/2003
US 2003-0026788 Al 06/02/2003
US 2003-0035035 Al 20/02/2003
US 2003-0040796 Al 27/02/2003
US 2003-0074076 Al 17/04/2003
US 2003-0078579 Al 24/04/2003
US 2003-0181979 Al 25/09/2003
US 2003-0191536 Al 09/10/2003
US 2004-0024459 Al 05/02/2004
US 2004-0024461 Al 05/02/2004
US 2004-0030398 Al 12/02/2004
US 2004-0044410 Al 04/03/2004
US 2004-0093092 Al 13/05/2004
US 2004-0097980 Al 20/05/2004
US 2004-0111155 Al 10/06/2004
US 2004-0122424 Al 24/06/2004
US 2004-0172019 Al 02/09/2004
US 2004-0186573 Al 23/09/2004
US 2004-0230310 Al 18/11/2004
US 2004-0249461 Al 09/12/2004
US 2004-0260286 Al 23/12/2004
US 2004-0260396 Al 23/12/2004
US 2005-0049707 Al 03/03/2005
US 2005-0124992 Al 09/06/2005
US 2005-0159817 Al 21/07/2005
US 2005-0192674 Al 01/09/2005
US 2005-0256582 Al 17/11/2005
US 2005-0273111 Al 08/12/2005
US 2006-0217747 Al 28/09/2006
US 2006-0235535 Al 19/10/2006
US 2006-0247665 Al 02/11/2006
US 2007-0027471 Al 01/02/2007
US 2007-0038231 Al 15/02/2007
US 2007-0142839 Al 21/06/2007
US 2007-0156152 Al 05/07/2007
US 2008-0140126 Al 12/06/2008
US 2008-0221686 Al 11/09/2008
US 2008-0243256 Al 02/10/2008
US 2011-0178602 Al 21/07/2011

Form PCT/ISA/210 (patent family annex) (January 2015)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2015/056929
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 6155678 A 05/12/2000
US 6245107 Bl 12/06/2001
US 6340369 Bl 22/01/2002
US 6371990 B1 16/04/2002
US 6419702 Bl 16/07/2002
US 6419704 B1 16/07/2002
US 6432107 Bl 13/08/2002
US 6454804 B1 24/09/2002
US 6494883 Bl 17/12/2002
US 6645247 B2 11/11/2003
US 6648918 B2 18/11/2003
US 6648919 B2 18/11/2003
US 6648920 B2 18/11/2003
US 6685695 B2 03/02/2004
US 6743255 B2 01/06/2004
US 6755863 B2 29/06/2004
US 6793677 B2 21/09/2004
US 6796646 B2 28/09/2004
US 6875235 B2 05/04/2005
US 6878167 B2 12/04/2005
US 6969404 B2 29/11/2005
US 7060100 B2 13/06/2006
US 7201774 B2 10/04/2007
US 7201776 B2 10/04/2007
US 7235102 B2 26/06/2007
US 7273497 B2 25/09/2007
US 7291171 B2 06/11/2007
US 7435260 B2 14/10/2008
US 7857855 B2 28/12/2010
US 7914553 B2 29/03/2011
US 7947080 B2 24/05/2011
US 8679179 B2 25/03/2014
US 8679180 B2 25/03/2014
US 9084616 B2 21/07/2015

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - claims
	Page 11 - claims
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - wo-search-report
	Page 23 - wo-search-report
	Page 24 - wo-search-report
	Page 25 - wo-search-report

