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FLEX GROOVE SOLE ASSEMBLY WITH BIASING STRUCTURE

FIELD
[0001] The present disclosure relates to footwear and, more
particularly, relates to an article of footwear with a flex groove sole assembly and

a biasing structure.

BACKGROUND

[0002] Articles of footwear usually include an upper and a sole
assembly. The upper can include sections of thin material, straps, laces, and the
like for covering the wearer’s foot and securing the footwear to the wearer. The
sole assembly can include an outsole that is typically a unitary piece of relatively
durable, high-friction material that provides traction for the footwear. Also, the
sole assembly can include a midsole including foam, fluid filled bladder(s), etc.
for providing cushioned support for the wearer.

[0003] The sole assembly can resiliently deform in response to loads
from the wearer. For instance, walking or running can cause the sole assembly
to resiliently flex and bend to thereby maintain sufficient surface contact with the
ground. The sole assembly can also resiliently deflect in a direction
perpendicular to the ground in order to absorb weight loads, thereby cushioning
the wearer and providing greater comfort.

[0004] In some cases, the sole assembly can include deep grooves
(e.g., “flex grooves”) or sipes that separate the sole assembly into discrete sole
elements and that increase the flexibility of the sole assembly for improved
performance. More specifically, the midsole can include one or more grooves
with substantially V-shaped cross sections, and the depth of the groove can
extend through the majority and/or all of the thickness of the midsole. (See e.g.,
U.S. Patent No. 4,562,651, issued Jan 7, 1986 to Frederick, et al., U.S. Patent
No. 6,055,746, issued May 2, 2000 to Lyden et al., U.S. Patent No. 6,990,755,
issued January 31, 2006 to Hatfield et al., U.S. Patent No. 7,171,767, issued
February 6, 2007 to Hatfield et al., U.S. Patent No. 7,290,357, issued November
6, 2007 to McDonald et al., U.S. Patent No. 7,392,605, issued July 1, 2008 to
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Hatfield et al., and U.S. Patent 7,607,241, issued October 27, 2009 to McDonald
et al., each of which is incorporated herein by reference.) As such, the sole
assembly can readily flex and bend about the flex groove, allowing the sole
assembly to better conform to the wearer's foot, facilitate flexing during
movement of the foot, and the like.

[0005] Although conventional sole assemblies have been adequate for
their intended purposes, they do suffer from certain disadvantages. For
instance, the resiliency and/or flexibility of the midsole may not be suitable for a
wide range of activities. More specifically, the midsole may be relatively stiff,
and as such, the footwear may be suitable for walking; however, this same
midsole might be too stiff for playing tennis, running, or other activities.
Accordingly, the usefulness of the footwear may be somewhat limited. On the
other hand, the midsole may be highly flexible to be useful for running, playing
tennis, and the like; however, this same midsole might be too flexible for other
activities in which a stiffer sole provides greater comfort.

[0006] Additionally, the sole assembly can wear over time. As such,
the midsole may lose resiliency, and the sole assembly may grow more flexible
over time, which can be unwanted and undesirable. As a result, the useful life of
the footwear may be prematurely shortened. Also, the midsole may develop a
curvature over time such that the toe area of the footwear curves upward away

from the ground, and the footwear may be less aesthetically pleasing as a result.

SUMMARY

[0007] An article of footwear is disclosed that includes an upper and a
sole assembly that is operably coupled to the upper. The sole assembly
includes a first portion and a second portion that are separated by a groove.
Also, the article of footwear includes a biasing structure that is elongate and
nonextendable. The biasing structure is operably coupled to the sole assembly
to bias the first and second portions of the sole assembly generally toward each
other.

[0008] An article of footwear is also disclosed that includes an upper
and a sole assembly that is operably coupled to the upper. The sole assembly
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includes a first portion and a second portion. Furthermore, the article of footwear
includes a biasing structure that includes a first end, a second end, and a middle
portion disposed between the first and second ends. The middle portion extends
through the sole assembly, and the first and second ends extend out of the sole
assembly. The biasing structure biases the first and second portions of the sole
assembly generally toward each other.

[0009]  Sitill further, an article of footwear is disclosed that includes an
upper and a sole assembly that is operably coupled to the upper. The sole
assembly includes a groove that separates the sole assembly into first and
second portions. The article of footwear also includes a biasing structure that is
elongate, and the biasing structure includes an end and a middle portion
extending across and within the groove through the sole assembly. Moreover,
the article of footwear includes an adjustment device operably coupled to the
end to selectively adjust a tension within the biasing structure to selectively
adjust biasing of the first and second portions of the sole assembly generally
toward each other.

[0010] Moreover, an article of footwear is disclosed that includes an
upper and a sole assembly that is operably coupled to the upper. The sole
assembly includes an outsole, a midsole, and a groove that separates the sole
assembly into first and second portions. The groove extends in a depth direction
through the outsole and at least a portion of the midsole. The article of footwear
also includes a first reinforcing tube that is fixedly disposed within the first portion
of the sole assembly. The first reinforcing tube includes a projected end with a
curvature. The footwear also includes a second reinforcing tube that is fixedly
disposed within the second portion of the sole assembly. The second reinforcing
tube includes a recessed end with a curvature that corresponds with the
curvature of the projected end, and the recessed end is operable to receive the
projected end. Additionally, the footwear includes an anchoring projection fixed
to one of the first and second reinforcing tubes to fixedly secure the one of the
first and second reinforcing tubes to the sole assembly. The footwear further
includes an elongate, nonextendable cord that includes a first end, a second
end, and a middle portion disposed between the first and second ends. The
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middle portion is moveably received within the first and second reinforcing tubes,
the middle portion extends between the first and second portions, and the middle
portion extends through the first and second portions of the sole assembly. Also,
the middle portion extends across and within the groove. The first and second
ends extend out of the sole assembly. The middle portion extends in both an
anterior/posterior direction and a medial/lateral direction through the sole
assembly. Also, the footwear includes an adjustment device operably coupled to
at least one of the first and second ends. The cord biases the first and second
portions of the sole assembly generally toward each other. The adjustment
device includes a spool that selectively spools and unspools the at least one of
the first and second ends to selectively adjust a tension within the cord to
selectively adjust biasing of the first and second portions of the sole assembly
generally toward each other.

[0011] This section provides a general summary of the disclosure, and
is not a comprehensive disclosure of its full scope or all of its features. Further
areas of applicability will become apparent from the description provided herein.
The description and specific examples in this summary are intended for
purposes of illustration only and are not intended to limit the scope of the present

disclosure.

DRAWINGS

[0012] The drawings described herein are for illustrative purposes only
of selected embodiments and not all possible implementations, and are not
intended to limit the scope of the present disclosure.

[0013] FIG. 1 is a perspective view of an article of footwear according
to various exemplary embodiments of the present disclosure;

[0014] FIG. 2 is a side view and partial section view of the article of
footwear of FIG. 1;

[0015] FIG. 3is a bottom view of the article of footwear of FIG. 1;

[0016] FIG. 4 is a side view of the article of footwear of FIG. 1;

[0017] FIG. 5is arear view of the article of footwear;
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[0018] FIGS. 6-11 are perspective views of the article of footwear
according to various other exemplary embodiments of the present disclosure;

[0019] FIG. 12 is a cross sectional view of a portion of the article of
footwear according to another exemplary embodiment of the present disclosure;

[0020] FIG. 13 is a bottom view of the article of footwear according to
another exemplary embodiment of the present disclosure; and

[0021] FIG. 14 is a cross sectional view of a portion of the article of
footwear according to another exemplary embodiment of the present disclosure.

[0022] Corresponding reference numerals indicate corresponding parts
throughout the several views of the drawings.

DETAILED DESCRIPTION

[0023] Example embodiments will now be described more fully with
reference to the accompanying drawings.

[0024] Referring initially to FIGS. 1-4, an exemplary embodiment of an
article of footwear 10 is illustrated according to various teachings of the present
disclosure. Generally, the article of footwear 10 includes an upper 12 and a sole
assembly 13. The sole assembly 13 is operatively coupled to the upper 12 and
can include an outsole 14 and a midsole 16. Although the article of footwear 10
is illustrated as an athletic shoe, it will be appreciated that the footwear 10 could
be a boot, a sandal, or any other type without departing from the scope of the
present disclosure.

[0025] In some embodiments, the upper 12 can include various thin
sheets of material that partially overlap each other and that are operably secured
to each other, for example, by stitching, adhesives, and the like. The upper 12
can also include a fastening structure, such as laces, buckles, pile tape, and/or
other features for tightly securing the upper 12 to the wearer’s foot. It will also be
appreciated that the upper 12 can include various decorative features for
aesthetically enhancing the footwear 10.

[0026] Also, the outsole 14 can include a layer of high-friction material
for providing traction. The outsole 14 can define a ground-engaging surface 15.
The ground-engaging surface 15 can include a predetermined pattern of ridges,
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recesses, bumps, and the like for further increasing traction. The outsole 14 can
be secured to the midsole 16 and/or the upper 12 in any suitable fashion, such
as adhesives. In other embodiments, the outsole 14 includes a plurality of
individual pads that are attached to the midsole 16 such that both the outsole 14
and midsole cooperate to define the ground-engaging surface 15. In this latter
embodiment, the individual pads of the outsole 14 can be disposed at locations
that are prone to increased wear.

[0027] Moreover, the midsole 16 can be coupled to and disposed
between the upper 12 and the outsole 14. The midsole 16 can include a flexible,
resilient foam material that is disposed between the outsole 14 and the upper 12.
The midsole 16 can also include one or more embedded, fluid-filled bladders
(not shown). Accordingly, the midsole 16 can provide substantial cushioning for
the wearer.

[0028] The sole assembly 13 can include one or more grooves 18 that
increase the flexibility of the sole assembly 13. More specifically, each groove
18 can separate the sole assembly 13 into separate, distinct portions 19a, 19b,
and the portions 19a, 19b are able to move relative to each other due to the
respective groove(s) 18 therebetween. The term “groove”, herein, will be
understood to include grooves, sipes, slits, channels, openings, passages, and
the like, regardless of the method of manufacture (e.g., molded into the sole
assembly 13, cut into the sole assembly 13, etc.).

[0029] The grooves 18 can incorporate one or more features of a flex
groove or sipe pattern of the type disclosed in U.S. Patent No. 4,562,651, issued
Jan 7, 1986 to Frederick, et al., U.S. Patent No. 6,055,746, issued May 2, 2000
to Lyden et al., U.S. Patent No. 6,990,755, issued January 31, 2006 to Hatfield
et al., U.S. Patent No. 7,171,767, issued February 6, 2007 to Hatfield et al., U.S.
Patent No. 7,290,357, issued November 6, 2007 to McDonald et al., U.S. Patent
No. 7,392,605, issued July 1, 2008 to Hatfield et al., and U.S. Patent 7,607,241,
issued October 27, 2009 to McDonald et al., each of which is incorporated herein
by reference. However, it will be appreciated that the grooves 18 can have any
suitable geometry and can be disposed at any suitable location on the footwear
10.
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[0030] The grooves 18 can each extend through the sole assembly 13
in a depth direction generally perpendicular to the ground-engaging surface 15
as shown in FIGS. 1, 2, and 4. The grooves 18 can have any suitable depth
within the sole assembly 13, and the depth direction of the grooves 18 can be at
a positive, acute angle relative to the ground-engaging surface 15. The grooves
18 can be open at the ground-engaging surface 15; however, it will be
appreciated that the grooves 18 can be closed at the ground-engaging surface
15. Also, one or more of the grooves 18 can extend entirely through the outsole
14 and partially through the midsole 16 (e.g., through the majority of the midsole
16). In some embodiments, the grooves 18 can extend only through the midsole
16. In addition, the depth of the grooves 18 can vary throughout the sole
assembly 13.

[0031] Furthermore, the grooves 18 can each be axially straight, the
grooves 18 can be substantially parallel to each other, and the longitudinal axis
of the grooves 18 can extend substantially perpendicular to a longitudinal axis X
of the footwear. The grooves 18 can be spaced apart at any suitable distance.
It will be appreciated that the grooves 18 can each have a longitudinal axis that
extends in any suitable direction. For instance, the grooves 18 can extend
parallel or at an acute angle relative to the axis X. Moreover, it will be
appreciated that the grooves 18 can each have a non-linear axis. For instance,
one or more of the grooves 18 can have a curved or wavy (e.g., generally
sinusoidal) longitudinal axis. In addition, the grooves 18 can be continuous (e.g.,
ring-shaped).

[0032] Moreover, as shown in FIGS. 1, 2, and 4, the grooves 18 can
each have a substantially V-shaped cross section and can have a relatively
small width when the sole assembly 13 is at rest (FIG. 2). In some
embodiments, the width of the grooves 18 can be so small that the first and
second portions 19a, 19b abut at least partially against each other when the sole
assembly 13 is at rest. When the sole assembly 13 is flexed (FIG. 4), the width
of the grooves 18 increases, and the portions 19a, 19b move away from each
other as will be discussed.
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[0033] It will be appreciated that the article of footwear 10 can include
any suitable number of grooves 18 on any suitable location of the sole assembly
13. Moreover, the sole assembly 13 may not include any grooves 18, and the
article of footwear 10 would remain within scope of the present disclosure.

[0034] Additionally, it will be appreciated that the grooves 18 can
substantially increase flexibility of the sole assembly 13. For instance, the
grooves 18 can allow the portions 19a, 19b to hingeably rotate about the
respective longitudinal axis of the respective groove 18 for increased flexibility of
the sole assembly 13. Furthermore, in some embodiments, the location of the
grooves 18 can correspond to natural, anatomical points of flexure of the
wearer's foot. As such, the grooves 18 can promote natural flexure of the
wearer’s foot for greater comfort and performance.

[0035] Furthermore, the article of footwear 10 can include a biasing
structure 20. The biasing structure can bias the portions 19a, 19b of the sole
assembly 13 toward each other in a manner to be described in greater detall
below. More specifically, the tension in the biasing structure 20 can affect (i.e.,
limit) the stiffness and flexibility of the sole assembly 13 as will be discussed.

[0036] The biasing structure 20 can be a resiliently extendable,
flexible, and elastic elongate cord. The biasing structure 20 can also include
woven elastic strands, such as a bungee cord. However, it will be appreciated
that the biasing structure 20 can be nonextendable and nonresilient, such as a
braided metallic cord, thread, or wire. In still other embodiments, the biasing
structure 20 can include portions that are resiliently extendable and other
portions that are nonextendable. For instance, the biasing structure 20 can
include a relatively resiliently extendable portion at a first longitudinal location
along its axis and another relatively nonextendable portion at a second
longitudinal location along its axis. The biasing structure 20 can be bendable so
as to be routed along any suitable location on the footwear 10. It will be
appreciated that the biasing structure 10 can have any suitable shape and can
include any suitable material.

[0037] The biasing structure 20 can include a first end 22 and a
second end 24 (FIG. 3). The biasing structure 20 can further include a middle
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portion 26 that extends between the first and second ends 22, 24. The middle
portion 26 can extend through and can be operably coupled to the sole assembly
13, and the first and second ends 22, 24 can extend out of a posterior portion 28
of the sole assembly 13 to be operably secured to the upper 12 and/or the sole
assembly 13. More specifically, the middle portion 26 can extend through the
midsole 16, through an elongate passage 29 defined therein. As such, the
middle portion 26 can be enclosed and contained within the passage 29 and
directly coupled to the midsole 16. The elongate passage 29 and the middle
portion 26 can have similar dimensions such that the middle portion 26 fits
snugly within the passage 29.

[0038] Also, the sole assembly 13 can include one or more reinforcing
tubes 40a, 40b, 40c as shown in FIG. 2. The reinforcing tubes 40a, 40b, 40c
can be made out of polymeric tubing. The reinforcing tubes 40a, 40b, 40c can
extend through the midsole 16 and can be fixed thereto. For instance, the
reinforcing tubes 40a, 40b, 40c can be fixedly embedded within the midsole 16
via a molding process. The reinforcing tubes 40a, 40b, 40c may or may not
extend across the grooves 18. For instance, as shown in the exemplary
embodiment shown in FIG. 2, reinforcing tube 40a can be embedded the first
portion 19a of the sole assembly 13, and the reinforcing tube 40b can be
embedded within the second portion 19b of the sole assembly 13. The biasing
structure 20 can extend across and within the groove 18 and can be received in
each of the tubes 40a, 40b. Accordingly, the tubes 40a, 40b can define the
passage 29 through which the biasing structure 20 is threaded. The tube 40c
and any additional tubes can similarly receive other axial portions of the biasing
structure 20 in order to operably secure the biasing structure 20 to the sole
assembly 13. It will be understood that the footwear 10 can include any number
of tubes 40a, 40b, 40c along the axial length of the biasing structure 20.
Moreover, it will be appreciated that the footwear 10 can include a single,
continuous reinforcing tube 40a that extends continously along the majority of
the axial length of the biasing structure 20.

[0039] As such, the reinforcing tubes 40a, 40b, 40c can reinforce the
material of the midsole 16, thereby inhibiting wear of the sole assembly 13
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otherwise caused by friction between the biasing structure 20 and the material of
the midsole 16. Also, the biasing structure 20 can be loosely and/or slidably
received within the reinforcing tubes 40a, 40b, 40c such that the biasing
structure 20 can move within the reinforcing tubes 40a, 40b, 40c when tension in
the biasing structure 20 is adjusted as described in greater detail below.
Furthermore, the coefficients of friction can be relatively low between the biasing
structure 20 and the reinforcing tubes 40a, 40b, 40c such that the biasing
structure 20 can slide in the tubes 40a, 40b, 40c with relatively little resistance.
In addition, the tubes 40a, 40b, 40c can distribute forces from the biasing
structure 20 across a wider surface area of the midsole 16 such that the midsole
16 is less likely to be cut by the biasing structure 20.

[0040] It will be appreciated that the reinforcing tubes 40a, 40b, 40c
are optional components of the footwear 10 of the present disclosure. In some
embodiments, for instance, the tubes 40a, 40b, 40c are not included, and the
biasing structure 20 is received directly in the material of the sole assembly 13.
Also, in some embodiments, the biasing structure 20 is fixed directly to the
material of the sole assembly 13 (e.g., via adhesives, via a molding process, and
the like).

[0041] In the exemplary embodiment of FIGS. 1-4, the middle portion
26 of the biasing structure 20 can extend axially from the posterior portion 28
toward an anterior portion 30, and the middle portion 26 (and the passage 29)
can have an approximately one hundred eighty degree (180°) turn adjacent the
anterior portion 30 to curve back toward the posterior portion 28. The middle
portion 26 can turn back toward the posterior portion 28 at any suitable radius.
As such, both first and second ends 22, 24 can extend out of the posterior
portion 28 and can be spaced apart from each other on opposite sides of the
axis X. However, it will be appreciated that the biasing structure 20 can extend
through any portion of the sole assembly 13 or any other portion of the footwear.
Also, it will be appreciated that one or more of the ends 22, 24 can be disposed
within the sole assembly 13 without departing from the scope of the present

disclosure.

10
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[0042] In addition, it will be appreciated that any portion of the biasing
structure 20 can be disposed in or on the upper 12 without departing from the
scope of the present disclosure. For instance, as shown in the embodiment
shown in FIG. 11, the biasing structure 20a can be partially attached (e.g.,
embedded) within the sole assembly 13a and can also be partially attached
(e.g., embedded and/or enclosed) within the upper 12a. For instance, the
biasing structure 20a can extend through the anterior portion 30a of the sole
assembly 13a, and the biasing structure 20a can also extend through the upper
12a adjacent the posterior portion 28a. Accordingly, the biasing structure 20a
can affect the stiffness in a localized portion of the sole assembly 13a (i.e., within
the anterior portion 30a) without significantly affecting the stiffness of the sole
assembly 13a in the posterior portion 28a. Also, the biasing structure 20a can
be routed through both the sole assembly 13a and the upper 12a in order to bias
the sole assembly 13a and the upper 12a towards each other. Moreover, the
biasing structure 20a can be routed through the upper 12a for selectively
adjusting stiffness (i.e., tuning) select portions of the upper 12a.

[0043] Furthermore, the middle portion 26 can extend substantially
parallel to the ground-engaging surface 15. However, it will be appreciated that
the middle portion 26 can extend at an acute angle relative to the ground-
engaging surface 15. For instance, in some exemplary embodiments, the axis of
the middle portion 26 can extend in a zig-zagging direction toward and away
from the ground-engaging surface 15. Also, the middle portion 26 can extend
through the midsole 16 and can be spaced apart from the outsole 14. However,
it will be appreciated that the middle portion 26 can extend through the midsole
16 and/or the outsole 14.

[0044] Moreover, the biasing structure 20 can extend across one or
more of the grooves 18. As such, the biasing structure 20 can extend between
the individual portions 19a, 19b of the sole assembly 13.

[0045] It will be appreciated that the biasing structure 20 can apply a
biasing force to the sole assembly 13. More specifically, the biasing structure 20
can bias the portions 19a, 19b of the sole assembly 13 toward each other to
thereby limit and reduce the flexibility of the sole assembly 13.

11
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[0046] Moreover, the article of footwear 10 can include an adjustment
device, generally indicated at 32. The first and second ends 22, 24 of the
biasing structure 20 can be operably coupled to the adjustment device 32 such
that the adjustment device 32 can be used to adjust an amount of biasing force
that the biasing structure 20 applies to the sole assembly 13. More specifically,
the adjustment device 32 can adjust tension in the biasing structure 20 as
discussed in greater detail below. The adjustment device 32 can allow for
manual adjustment of the biasing force applied by the biasing structure 20,
and/or the adjustment device 32 can allow for automatic adjustment of the
biasing force. The adjustment device 32 can incorporate one or more features
disclosed in U.S. Patent Nos. 5,934,599, 6,202,953, and/or 6,289,558, each to
Hammerslag, each of which is incorporated herein by reference in its entirety.

[0047] The adjustment device 32 can include a base 33, which can be
made from rigid polymeric material. The base 33 can be fixed to the posterior
portion 28, to the upper 12 and/or the sole assembly 13. The adjustment device
32 can also include a spool 34, which can be made of rigid polymeric material.
The spool 34 can be rotatably coupled to the base 33, and the first end 22 and/or
the second end 24 of the biasing structure 20 can be spooled on the spool 34.
For instance, in some embodiments, the first end 22 can be fixed to the base 33
while the second end 24 spools on the spool 34. In another embodiment, both
ends 22, 24 spool and unspool on the spool 34.

[0048] Rotation of the spool 34 in one direction relative to the base 33
can spool the second end 24, pull the second end 24 longitudinally away from
the first end 22, and increase tension (i.e., biasing force) in the biasing structure
20. Accordingly, the biasing structure 20 draws the portions 19a, 19b of the sole
assembly 13 toward each other and increase stiffness in the sole assembly 13.
On the other hand, rotation of the spool 34 in the opposite direction can unspool
the second end 24 from the spool 34, thereby reducing tension (i.e., biasing
force) in the biasing structure 20. Accordingly, the biasing structure 20 allows
the portions 19a, 19b to move away from each other and decreases stiffness in

the sole assembly 13.

12
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[0049] As shown in FIG. 5, the adjustment device 32 can also include
a plurality of notches 35. The notches 35 can be included on the spool 34,
between the spool 34 and the base 33. Furthermore, the adjustment device 32
can also include a catch 36. The catch 36 can be moveably coupled to the base
33, and the catch 36 can be selectively received within one or more of the
notches 35 to inhibit rotation of the spool 34. Additionally, the adjustment device
32 can include a release 38, such as button, lever, or the like. The release 38
can be operably coupled to the catch 36 for moving the catch 36 in and/or out of
the notches 35. Furthermore, the spool 34 can be biased for rotation in one
direction (e.g., in the direction that causes unspooling of the end(s) 22, 24 of the
biasing structure 20). Moreover, the catch 36 can be biased toward the notches
35.

[0050] Accordingly, if the wearer desires to tighten up the sole
assembly 13 (i.e., to increase biasing of the portions 19a, 19b toward each
other), the user can manipulate the release 38 to move the catch 36 out of the
notch(es) 35, and the wearer can manually rotate the spool 34 in one direction to
further spool the ends 22, 24 of the biasing structure 20 on the spool 34. Then,
the catch 36 can be received in one or more of the notches 35 to substantially
lock the spool 34 against rotation and to retain the biasing structure 20 at the set
level of biasing.

[0051] If the wearer desires to loosen the sole assembly 13 (i.e., to
decrease biasing of the portions 19a, 19b toward each other), the wearer can
manipulate the release 38 to allow the spool 34 to rotate in the opposite
direction. Then, the catch 36 can be received in one or more of the notches 35
to substantially lock the spool 34 against rotation and to retain the biasing
structure 20 at the set level of biasing.

[0052] It will be appreciated that the adjustment device 32 can be of
any suitable type other than the type shown in FIG. 5. In other embodiments,
the adjustment device 32 can include a slider which the user can manipulate to
adjust the level of stiffness of the footwear 10.

[0053]  Sitill further, as shown in FIG. 5, the adjustment device 32 can
include an indicator system 72 that indicates the stiffness of the sole assembly
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13 that has been set by the wearer. The indicator system 72 can be a visual
indicator system, an audible indicator system, a tactile indicator system, or any
other suitable type. As shown in FIG. 5, the indicator system 72 can include a
first indicator 73 and a plurality of second indicators 74a, 74b, 74c. The first
indicator 73 can be a dot or other shape that is located on the spool 34, and the
second indicators 74a, 74b, 74c can be numbers or other symbols that are
spaced evenly about the spool 34 on the upper 12. The second indicators 74a,
74b, 74c can correspond to individual, predetermined biasing levels (i.e.,
stiffness levels) for the sole assembly 13. Thus, when the first indicator 73 is
rotated to be aligned with the second indicator 74a, the sole assembly 13 can be
at a first predetermined level of stiffness due to the set level of tension in the
biasing structure 20. Also, when the first indicator 73 is rotated to be aligned
with the other second indicators 74b, 74c, the sole assembly 13 can be at
different levels of stiffness. Accordingly, the indicator system 72 can allow the
user to conveniently and accurately set the stiffness of the sole assembly 13 to
these predetermined stiffness levels.

[0054] It will be appreciated that the indicator system 72 can be of any
suitable type. For instance, if the indicator system 72 is an audible indicator
system 72, the indicator system 72 can provide a predetermined noise (e.g., a
predetermined number of audible clicks) corresponding to a predetermined level
of stiffness.

[0055] Also, it will be appreciated that, because the biasing structure
20 extends primarily in the anterior/posterior direction, the biasing structure 20
can adjust stiffness of the sole assembly 13 primarily in the anterior/posterior
direction. However, it will be appreciated that the biasing structure 20 can be
disposed on any suitable portion of the footwear 10 for adjusting stiffness of a
corresponding portion of the footwear 10. As such, the biasing structure 20 can
be routed through a localized region of the footwear 10 for adjusting stiffness at
that corresponding region.

[0056] For instance, as shown in the embodiment of FIG. 6, the
biasing structure 20” can extend from the posterior portion 28" to the anterior
portion 30" of the footwear 107, and the biasing structure 20" can also loop over
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itself adjacent the anterior portion 30°. Thus, by adjusting the biasing structure
20" as discussed above, the stiffness of the sole assembly 13" can be adjusted.
More specifically, the stiffness of the sole assembly 13" in both the
anterior/posterior and medial/lateral directions can be adjusted. Moreover, the
grooves 18" can extend in a medial/lateral direction as well as in the
anterior/posterior direction such that the biasing structure 20" can adjust the
stiffness of the sole assembly 13" in both the anterior/posterior and medial/lateral
directions.

[0057] Furthermore, as shown in the embodiment of FIG. 7, the
biasing structure 20" can extend from the posterior portion 28" to the anterior
portion 30" of the footwear 10™", and the biasing structure 20" can also have an
hourglass-type curvature adjacent the anterior portion 30”". Thus, by adjusting
the biasing structure 20™" as discussed above, the biasing structure 20" can bias
medial and lateral sides of the sole assembly 13" toward each other. Also, by
adjusting the biasing structure 20™" in an opposite direction, the sole assembly
13" can be less stiff in the medial/lateral direction.

[0058] In addition, as shown in the embodiment of FIG. 8, the biasing
structure 20" can extend from the posterior portion 28" toward the anterior
portion 30" and back again. Also, the curved axis of the biasing structure 20"
can correspond substantially to the curvature of the outer periphery of the sole
assembly 137",

[0059] Moreover, as shown in the embodiment of FIG. 9, the biasing
structure 207" can extend from the posterior portion 28", toward the anterior
portion 307", back toward the posterior portion 28", then back toward the
anterior portion 307", loop over itself, and curve back toward the posterior

rrrs

portion 28", Because the biasing structure 20" is located substantially in the

anterior portion 30" and loops over itself in the anterior portion 30", the
biasing structure 20" can adjust stiffness primarily in the anterior portion 30"
of the footwear 10",

[0060]  Still further, as shown in the embodiment of FIG. 10, the biasing

,,,,,

structure 20 can extend primarily in a medial-lateral direction. More

,,,,,

specifically, the biasing structure 20 can extend from the medial forefoot
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area, toward the lateral forefoot area, and can loop back toward the medial

,,,,,

forefoot area. The biasing structure 20 can be substantially perpendicular to

,,,,,,,,,,

the axis X of the footwear 10 can include

a first end 22

. Also, the biasing structure 20

,,,,,,,,,,

that each extend out of the sole
""" of the

and a second end 24

,,,,,

assembly 13

,,,,,

type discussed above. As shown, the adjustment device 32 can be

operatively coupled to the external, medial forefoot area of the sole assembly

,,,,,,,,,,

137", By adjusting the adjustment device 32
can be used to change the stiffness under the ball of the wearer’s foot, primarily
in the medial-lateral direction. It will also be appreciated that the sole assembly
13777 in the embodiment shown does not include grooves of the type discussed

,,,,,

above; however, it will be appreciated that the sole assembly 13 can include
grooves without departing from the scope of the present disclosure.

[0061] Accordingly, the wearer can selectively adjust the flexibility of
the sole assembly 13. Thus, the article of footwear 10 can be more versatile for
use in a wider range of activities, and adequate comfort can be maintained.
Also, the flexibility of the sole assembly 13 can be adjusted to compensate for
wear.

[0062] It will be appreciated that the article of footwear 10 can be
modified in various ways. For instance, in some embodiments, the footwear 10
includes a plurality of passages 29, and the wearer can choose which passage
29 to thread the biasing structure 20 through. Accordingly, the wearer can select
the area of the sole assembly 13 to be biased by the biasing structure 20.
Furthermore, in some embodiments, the wearer can select from different biasing
structures 20. For instance, the footwear 10 can be part of a kit that includes a
plurality of biasing structures 20, each with a different spring constant. As such,
the wearer can select one of the biasing structures 20 to thread into the sole
assembly 13 in order to obtain a desired amount of biasing supplied from the
biasing structure 20 on the sole assembly 13. Moreover, in some embodiments,
the footwear 10 can include a plurality of biasing structures 20, each with a
respective adjustment device 32.
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[0063] In addition, in some embodiments, the adjustment device 32
can be configured for automatically adjusting the amount of stiffness (e.g., with
the touch of a single button). Moreover, in some embodiments, the adjustment
device 32 can be set digitally by the user (e.g., by typing a present amount of
stiffness into a keypad).

[0064] Referring now to FIG. 12, a portion of another exemplary
embodiment of the article of footwear 110 is illustrated. Components that are
similar to the embodiments of FIGS. 1-4 are indicated by corresponding
reference numerals increased by 100.

[0065] As shown, the biasing structure 120 can extend across a
groove 118 within the sole assembly 113 similar to the embodiments discussed
above. Furthermore, the biasing structure 120 can be received within reinforcing
tubes 140a, 140b, which are each fixed within the sole assembly 113 (e.g.,
embedded within the midsole 116). More specifically, the tube 140a can be fixed
to a first portion 119a of the sole assembly 113, and the tube 140b can be fixed
to a second portion 119b of the sole assembly 113.

[0066] The reinforcing tube 140a can include a projected end 147, and
the reinforcing tube 140b can include a recessed end 149. The projected end
147 can have a curvature that substantially conforms to a curvature of the
recesses end 149. As such, the projected end 147 can be received and can fit
within the recessed end 149, for instance if the groove 118 is closed. Thus, if
the biasing structure 120 pulls the portions 119a, 119b together or if the natural
flexure of the sole assembly 113 causes the groove 118 to close, then the ends
147, 149 can fit together. Moreover, if the portions 119a, 119b rotate toward
each other, and the ends 147, 149 are slightly misaligned, the recessed end 149
can guide the projected end 147 to fit within the recessed end 149 because the
ends 147, 149 each have a corresponding curvature. Thus, when the ends 147,
149 fit together, the reinforcing tubes 140a, 140b can provide additional
structural rigidity to the sole assembly 113 for added stiffness, for added comfort
for the wearer, for increased wear resistance, etc.

[0067] In addition, both reinforcing tubes 140a, 140b can each include
anchoring projections 151. Each anchoring projection 151 can be a thin,
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elongate, rigid member that extends transversely (e.g., perpendicularly) away
from the axis of the respective reinforcing tube 140a, 140b. In some
embodiments, each reinforcing tube 140a, 140b can include a plurality (e.g., two)
anchoring projections 151 that extend therefrom. Also, in some embodiments,
the anchoring projection 151 can be integrally connected to its respective
reinforcing tube 140a, 140b. The anchoring projection 151 can be fixed to (e.g.,
embedded via a molding process) to the midsole 116 or other portion of the sole
assembly 113. The anchoring projection 151 can distribute loads from the
respective reinforcing tube 140a, 140b to the sole assembly 113. Accordingly,
the sole assembly 113 is less likely to be damaged due to stress concentrations.

[0068] Referring now to FIG. 13, another exemplary embodiment of an
article of footwear 210 is illustrated. Components that are similar to the
embodiments of FIGS. 1-4 are indicated by corresponding reference numerals
increased by 200.

[0069] The article of footwear 210 can include a biasing structure 220
with a first end 222, a second end 224, and a middle portion 226. The first end
222 can be operably coupled to an adjustment device 234 adjacent the posterior
portion 228 of the footwear 210, and the second end 224 of the biasing structure
220 can be operably coupled (e.g., fixed) to the sole assembly 213 adjacent the
anterior portion 230. The second end 224 can extend partially out of the sole
assembly 213 and can be fixed on an outer surface of the sole assembly 213, or
the second end 224 can be embedded within the sole assembly 213 adjacent
the outer surface of the sole assembly 213. Furthermore, the middle portion 226
can extend generally parallel to the axis X along the posterior portion 228, and
the middle portion 226 can extend transversely (i.e., laterally) away from the axis
X. Thus, the flexibility of the sole assembly 213 can be adjusted along the axis X
of the footwear 210 and in the medial-lateral direction under the ball of the
wearer’s foot.

[0070] In some embodiments, the footwear 210 can include a stake
261. The stake 261 can be a substantially rigid member and can include at least

one rounded surface 263. The stake 261 can be fixed to (e.g., embedded via a
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molding process) to the sole assembly 213. The biasing structure 220 can abut
against the rounded surface 263 and can wrap partially around the stake 261.

[0071] It will be appreciated that the article of footwear 210 can include
a plurality of stakes 261, and the stakes 261 can be disposed at any suitable
location on the footwear 210. Accordingly, the stake(s) 261 can provide a
convenient means for routing the biasing structure 220 within the footwear 210.

[0072] Referring now to FIG. 14, another exemplary embodiment of an
article of footwear 310 is illustrated. Components that are similar to the
embodiments of FIGS. 1-4 are indicated by corresponding reference numerals
increased by 300.

[0073] As shown, the article of footwear 310 can include an upper 312
and a sole assembly 313. The sole assembly 313 can include an outsole 314.
The outsole 314 can be directly coupled to the upper 312. In other
embodiments, the sole assembly 313 can include a midsole disposed between
the outsole 314 and the upper 312.

[0074] In some embodiments, the outsole 314 can be relatively rigid.
For instance, the outsole 314 can be made out of relatively hard rubber or other
polymeric material, which resists compression under normal loading and yet
allows for some degree of flexure along the longitudinal axis of the footwear 310.
Accordingly, the outsole 314 can be very durable and robust without significantly
reducing comfort or mobility for the wearer.

[0075] The outsole 314 can include one or more cleats 317 extending
from a lower, outer surface 321 thereof. The cleats 317 can be of any suitable
type and can increase traction of the footwear 310. Also, the cleats 317 can be
removably attached or integrally attached to the outsole 314. Thus, the footwear
310 can be used for various activities, such as playing football, soccer, baseball,
etc.

[0076] Also, the outsole 314 can be separated into first and second
portions 319a, 319b by a groove 318. As shown, the groove 318 can extend
non-linearly in the thickness direction of the outsole 314. Furthermore, the

groove 318 can extend through the entire thickness of the outsole 314. In other
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embodiments, the groove 318 can extend only partially through the thickness of
the outsole 314.

[0077] More specifically, the first portion 319a can include a projection
337, and the second portion 319b can include a recess 339 that receives the
projection 337. The projection 337 can have a two- or three-dimensional
curvature (e.g., hemispherical curvature), and the recess 339 can have a
corresponding curvature, thereby allowing the projection 337 to rotate within the
recess 339. For instance, the projection 337 can rotate about an axis of rotation
R as indicated by the double-headed arrow in FIG. 14.

[0078] Furthermore, the first portion 319a can include an abutment
surface 341, and the second portion 319b can include an abutment surface 343.
The abutment surfaces 341, 343 can be disposed adjacent each other,
underneath the projection 337 and recess 339, respectively. The abutment
surfaces 341, 343 can abut against each other to limit rotation of the first portion
319a relative to the second portion 319b. Specifically, such abutment can limit
rotation of the first portion 319a in a clockwise direction in FIG. 14 and can limit
rotation of the second portion 319b in a counter-clockwise direction in FIG. 14.

[0079] Additionally, the groove 318 can be significantly wider on a side
of the projection 337 that is opposite the abutment surfaces 341, 343. As such,
a gap 345 can be defined, which allows for increased rotation of the first portion
319a relative to the second portion 319b as will be discussed. Specifically, the
gap 345 can allow for increased rotation of the first portion 319a in the counter-
clockwise direction in FIG. 14 and can allow for increased rotation of the second
portion 319b in the clockwise direction in FIG. 14.

[0080] Furthermore, the footwear 310 can include a biasing structure
320. The biasing structure 320 can be a rigid, non-extendable cord similar to the
embodiments discussed above. In other embodiments, the biasing structure 320
can be at least partially resilient and extendable.

[0081] The biasing structure 320 can be operably coupled directly to
the lower, outer surface 321 of the outsole 314. The biasing structure 320 can
extend across the groove 318 and can be operably coupled to both the first and
second portions 319a, 319b of the outsole 314. For instance, the biasing
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structure 320 can be coupled to the outsole 314 via one or more removably
attached fasteners 369. The fasteners 369 can each be U-shaped and can be
removably attached to the lower, outer surface 321 at both ends such that the
biasing structure 320 is retained between the fastener 369 and the lower, outer
surface 321. In other embodiments, the fasteners 369 can be integrally
connected to the outsole 314 so as to be monolithic. In some embodiments, the
fasteners 369 can slideably receive the biasing structure 320, and in other
embodiments, the fasteners 369 can be fixed to the biasing structure 320.

[0082] It will be appreciated that the biasing structure 320 can be
operably coupled to the outsole 314 in any suitable fashion other than the
fasteners 369 without departing from the scope of the present disclosure.
Moreover, it will be appreciated that the biasing structure 320 can be operably
coupled to the outsole 314 in any suitable location. For instance, the biasing
structure 320 can be disposed on a side of the outsole 314 opposite to the lower,
outer surface 321 (i.e., adjacent the upper, outer surface of the outsole 314). In
other embodiments, the biasing structure 320 can extend through a passageway
within the outsole 314 to be contained by the outsole 314 similar to the
embodiments of FIGS. 1-4 and discussed above.

[0083] Depending on the tension within the biasing structure 320, the
first and second portions 319a, 319b can move relative to each other (e.g., rotate
about the axis of rotation R). In some embodiments, tension in the biasing
structure 320 can be adjusted as discussed above with respect to the
embodiments of FIGS. 1-4. Thus, if the tension in the biasing structure 320 is
reduced, the first and second portions 319a, 319b can rotate or otherwise move
relative to each other more easily. Furthermore, if the tension in the biasing
structure 320 is increased, the biasing structure 320 can bias the first and
second portions 319a, 319b toward each other, and movement of the first and
second portions 319a, 319b relative to each other is restricted. This is because
the increased tension in the biasing structure 320 increases friction between the
projection 337 and the recess 339. In some embodiments, the tension in the
biasing structure 320 can be high enough such that the first and second portions
319a, 319b (and any other portions of the outsole 314) are substantially locked
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together such that the outsole 314 reacts relatively uniformly to outside forces,
similar to a one-piece, unitary outsole 314. If desired, the tension in the biasing
structure 320 can be reduced to unlock the portions 319a, 319b of the outsole
314 (e.g., to allow rotation or other movement of the forefoot portion relative to
the heel portion).

[0084] Also, as shown in FIG. 14, because the biasing member 320 is
separated from the axis of rotation R at the distance D, the abutment surfaces
341, 343 can be readily biased toward each other. As such, movement of the
first and second portions 319a, 319b relative to each other can be controlled. In
addition, the distance D is a lever arm that can provide mechanical advantage to
the biasing structure 320 such that less tension is needed in the biasing structure
320 to produce friction between the first and second portions 319a, 319b.

[0085] In addition, it will be appreciated that because the biasing
structure 320 is coupled to the outer surface 321 of the outsole 314, the footwear
310 can be manufactured efficiently. For instance, the outsole 314 can be
manufactured in a highly-reproduceable and inexpensive manner (e.g., molding).
Once the outsole 314 has been formed, the biasing structure 320 can be
coupled to the outsole 314 using the fasteners 369.

[0086] The foregoing description of the embodiments has been
provided for purposes of illustration and description. It is not intended to be
exhaustive or to limit the invention. Individual elements or features of a
particular embodiment are generally not limited to that particular embodiment,
but, where applicable, are interchangeable and can be used in a selected
embodiment, even if not specifically shown or described. The same may also be
varied in many ways. Such variations are not to be regarded as a departure from
the invention, and all such modifications are intended to be included within the

scope of the invention.
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CLAIMS
What is claimed is:

1. An article of footwear comprising:
an upper;
a sole assembly that is operably coupled to the upper, the sole
assembly including a first portion and a second portion that are separated by a
groove; and
a biasing structure that is elongate and nonextendable, the biasing
structure operably coupled to the sole assembly to bias the first and second

portions of the sole assembly generally toward each other.

2. The article of footwear of claim 1, wherein the biasing structure
extends between the first and second portions and across the groove.

3. The article of footwear of claim 1, wherein the groove extends in a
depth direction through an outsole and at least a portion of a midsole of the sole
assembly.

4. The article of footwear of claim 1, further comprising an adjustment
device, the adjustment device operably coupled to at least one of the upper and
the sole assembly, the adjustment device operably coupled to the biasing
structure to selectively adjust a tension within the biasing structure to selectively
adjust biasing of the first and second portions of the sole assembly generally
toward each other.

5. The article of footwear of claim 4, wherein the adjustment device
includes a spool that selectively spools and unspools at least one end of the

biasing structure to selectively adjust the tension within the biasing structure.

6. The article of footwear of claim 4, wherein the adjustment device
includes a notch and a catch, the catch being selectively received in the notch to
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maintain the selected tension within the biasing structure, the catch being
selectively moveable from the notch to allow for adjustment of the amount of

tension.

7. The article of footwear of claim 4, further comprising an indicator
system that indicates the selected tension within the biasing structure.

8. The article of footwear of claim 1, further comprising a reinforcing
tube that is fixedly coupled to the sole assembly, the reinforcing tube moveably
receiving the biasing structure.

9. The article of footwear of claim 8, wherein the reinforcing tube
includes a plurality of anchoring projections that are fixed to the sole assembly.

10. The article of footwear of claim 8, further comprising a first
reinforcing tube with a projected end and a second reinforcing tube with a
recessed end, the recessed end moveably receiving the projected end.

11.  The article of footwear of claim 10, wherein the projected end has a
curvature and the recessed end has a curvature that corresponds to the
curvature of the projected end.

12.  The article of footwear of claim 1, wherein the biasing structure
extends in at least one of an anterior/posterior direction and in a medial-lateral

direction on the footwear.

13.  The article of footwear of claim 12, wherein the biasing structure
loops over itself.

14.  The article of footwear of claim 1, wherein the biasing structure is

operably coupled to both the sole assembly and the upper.
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15.  The article of footwear of claim 1, wherein the sole assembly
includes a midsole, and the biasing structure is operably coupled directly to the

midsole.

16. The article of footwear of claim 1, wherein the sole assembly
includes an outsole, and the biasing structure is operably coupled directly to the

outsole.

17.  The article of footwear of claim 1, wherein the sole assembly
defines a passage through the sole assembly, and the biasing structure extends

through the passage to be at least partially contained by the sole assembly.

18. The article of footwear of claim 1, wherein the sole assembly
includes an outer surface, and wherein the biasing structure is operably coupled

directly to the outer surface of the sole assembly.

19.  The article of footwear of claim 18, further comprising a fastener
that operably couples the biasing structure directly to the outer surface of the

sole assembly.

20. The article of footwear of claim 1, wherein the first portion of the
sole assembly includes a projection and the second portion of the sole assembly

includes a recess that receives the projection.

21.  The article of footwear of claim 20, wherein the projection has a
curvature, and wherein the recess has a curvature that corresponds to the

curvature of the projection such that the projection rotates within the recess.

22. The article of footwear of claim 21, wherein the projection rotates
within the recess about an axis of rotation, and wherein the biasing member
includes a longitudinal axis, the longitudinal axis being spaced apart at a
distance from the axis of rotation.
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23.  An article of footwear comprising:

an upper;

a sole assembly that is operably coupled to the upper, the sole
assembly including a first portion and a second portion; and

a biasing structure that includes a first end, a second end, and a
middle portion disposed between the first and second ends, the middle portion
extending through the sole assembly, the first and second ends extending out of
the sole assembly, the biasing structure biasing the first and second portions of
the sole assembly generally toward each other.

24. The article of footwear of claim 23, wherein the sole assembly

includes a groove that separates the first and second portions.

25. The article of footwear of claim 23, wherein the sole assembly
includes a posterior portion, and wherein at least one of the first and second
ends extends out of the posterior portion of the sole assembly.

26. The article of footwear of claim 23, further comprising an
adjustment device, the adjustment device operably coupled to at least one of the
first and second ends to selectively adjust a tension within the biasing structure
to selectively adjust biasing of the first and second portions of the sole assembly

generally toward each other.

27.  The article of footwear of claim 26, wherein the adjustment device
includes a spool that selectively spools and unspools the at least one of the first

and second ends to adjust the tension within the biasing structure.
28.  The article of footwear of claim 23, wherein the biasing member is

chosen from a group that includes a resiliently extendable cord and a

nonextendable cord.
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29.  An article of footwear comprising:

an upper;

a sole assembly that is operably coupled to the upper, the sole assembly
including a groove that separates the sole assembly into first and second
portions;

a biasing structure that is elongate, the biasing structure including an end
and a middle portion extending across and within the groove through the sole
assembly; and

an adjustment device operably coupled to the end to selectively adjust a
tension within the biasing structure to selectively adjust biasing of the first and

second portions of the sole assembly generally toward each other.

30. An article of footwear comprising:

an upper;

a sole assembly that is operably coupled to the upper, the sole assembly
including an outsole, a midsole, and a groove that separates the sole assembly
into first and second portions, the groove extending in a depth direction through
the outsole and at least a portion of the midsole;

a first reinforcing tube that is fixedly disposed within the first portion of the
sole assembly, the first reinforcing tube including a projected end with a
curvature;

a second reinforcing tube that is fixedly disposed within the second
portion of the sole assembly, the second reinforcing tube including a recessed
end with a curvature that corresponds with the curvature of the projected end,
the recessed end operable to receive the projected end;

an anchoring projection fixed to one of the first and second reinforcing
tubes to fixedly secure the one of the first and second reinforcing tubes to the
sole assembly;

an elongate, nonextendable cord that includes a first end, a second end,
and a middle portion disposed between the first and second ends, the middle
portion moveably received within the first and second reinforcing tubes, the
middle portion extending between the first and second portions, the middle
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portion extending through the first and second portions of the sole assembly, the
middle portion extending across and within the groove, the first and second ends
extending out of the sole assembly, the middle portion extending in both an
anterior/posterior direction and a medial/lateral direction through the sole
assembly; and

an adjustment device operably coupled to at least one of the first and
second ends, the cord biasing the first and second portions of the sole assembly
generally toward each other, the adjustment device including a spool that
selectively spools and unspools the at least one of the first and second ends to
selectively adjust a tension within the cord to selectively adjust biasing of the first

and second portions of the sole assembly generally toward each other.

28






PCT/US2011/026896

WO 2011/109541

2/8




WO 2011/109541 PCT/US2011/026896

3/8

224 7
/

\ ’/ 2|28
230 M | T —— -4
VoAC ! I I ‘“ N 234
A 1261 I I I I N/
/] I I I i I I I ’
\IlI H b ‘.'. I l.'. ) I 995
N Bl AR

~a_ 226 222
263 [ 220



WO 2011/109541 PCT/US2011/026896

4/8

(100000
o

»
L
’
V2
‘7
~
AN
N\
\>
~
~ o

’ ‘s

13 @

4
—




WO 2011/109541

PCT/US2011/026896
5/8
30""
SN ==
N P D
.'I.'I C_OHN\CD
11

| g




WO 2011/109541 PCT/US2011/026896

6/8




PCT/US2011/026896

WO 2011/109541

7/8




WO 2011/109541 PCT/US2011/026896

8/8

319p 339 318 345 319a

/
7 I AL

7 ANNNNNY
Ll AN

V/ /A /‘ LAL LN\ LLL L L L L7 A0

/ |
337 341 321 ‘ 320 \ %317




INTERNATIONAL SEARCH REPORT PCT/US

PCT/US2011/026896

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - A43B 1/10 (2011.01)
USPC - 36/102

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

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC(8) - A438 1/10, 3/00 (2011.01)
USPC - 36/102

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

PatBase

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

X US 2007/0266598 A1 (PAWLUS et al) 22 November 2007 (22.11.2007) entire document 1,2,4,7-12, 15-22, 29

Y 3,5, 6, 13, 14, 23-28, 30

Y US 6,115,945 A (ELLIS, Ill) 12 September 2000 (12.09.2000) entire document 3,30

Y US 2002/0095750 A1 (HAMMERSLAG) 25 July 2002 (25.07.2002) entire document 5, 6, 23-28, 30

Y US 5,175,949 A (SEIDEL) 05 January 1993 (05.01.1993) entire document 13

Y US 6,378,230 B1 (ROTEM et al) 30 April 2002 (30.04.2002) entire document 14

D Further documents are listed in the continuation of Box C. l:]

*  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” earlier 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

:n:c(:’iat]or::s%zh(sag ;hzc%‘-'lgg)c ation date of another citation or other “Y” document of particular relevance; the claimed invention cannot be

P . P . considered to involve an inventive step when the document is

“0” document referring 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 than  «g» jocument member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
18 April 2011 05 MAY 2011
Name and mailing address of the ISA/US Authorized officer:
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Blaine R. Copenheaver
P.O. Box 1450, Alexandria, Virginia 22313-1450
.. PCT Helpdesk: 571-272-4300
Facsimile No.  571-273-3201 PCT OSP: 571-272-7774




	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 - 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 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - wo-search-report

