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K OOTWEAR SOLE HAVING SUPPORT ELEMENTS WITH
COMPRESSIBLE APERTURES
BACKGROUND OF THE INVENTION
Field of the Invention
The present invention relates to footwear. The invention concerns, more particularly,
athletic shoes having one or more support elements with a mechanism for varying the stiffness

characteristics of the sole.

Description of Background Art

Modermn acticles of athletic footwear include a highly-refined combination of elements
that each perform a specific function directed toward maximizing athletic performance. The two
primary clements of athletic footwear are an upper and a sole. The upper ts formed of leather,
synthetic matenials, or a combination thereof and comfortably receives the foot while providing
ventilation and protecion from the elements. The sole includes multiple layers that are
conventionally referred to as an insole, midsole, and outsole. The insole is a thin, padded
member located adjacent to the foot that improves the comfort of the footwear. The midsole
forms the middle layer of the sole and often incorporates a resilient foam material, such as
polyurethane, phyion, or ethyl vinyl acetate, that attenuates shock and absorbs energy when the
footwear makes contact with the ground. The outsole is fashioned from a durable, wear resistant
matenal, such as carbon-black rubber compound, and includes a textured lower surface to
improve traction.

An alternate mudsole-design, disclosed in-U.S. Patent Numbers 5,353,523 and 5,343,639

to Kilgore et al., includes four foam columns placed
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between rigid top and bottom plates. FIG. 1 depicts a similar, commercially-available article of
footwear 10 that includes an upper 12 which 1s attached to a sole structure 14. Sole structure 14
incorporates an outsole 16 and a midsole 18 that includes four elastomeric support elements 20, a
semi-rigid heel plate 22, a base plate 24, and a midfoot wedge 26. In addition, midsole 18 may
include a cushioning layer located above heel plate 22 that extends throughout the longitudinal
length of footwear 10 and enhances the comfort of footwear 10.

Support elements 20 are the primary component that attenuates shock and absorbs energy
when footwear 10 1nitially contacts the ground in the heel area, during walking or running, for
example. Each support element may include a band 28 circumscribing the outer surface and may
have an interior void that extends longitudinally from the upper to lower surface. The
compliance of each support element 20 may be altered by repositioning band 28. For example,
each support element 20 may be configured for greatest compliance by positioning band 28
adjacent either the top or bottom. Least compliance is achieved by centrally-locating band 28, as
depicted 1n FIG. 1. By altering the compliance of support elements 20, an individual may
configure footwear 10 to have proper shock attenuation and energy absorption for the particular
weight of the individual. In addition, alterations in the compliance of support elements 20 may
be utilized to configure footwear 10 for differing activities or playing surfaces. The present
invention relates to an alternate method of altering the compliance of support elements, such as

support elements 20.
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BRIEF SUMMARY OF THE INVENTION
The present invention is an article of footwear having an upper and a sole structure. The
upper receives a foot of a wearer and the sole structure 1s attached to the upper. The sole
structure includes at least one discrete support element with a columnar structure. The support
element has an upper surface and a lowér surface that are secured to the footwear, and .the
support element has an exposed exterior surface that defines an aperture in the support element.

The sole may also include multiple support elements, each support element or selected support

elements having an aperture.

The pnmary purpose of the aperture is to tune the compliance of the support element. By
configuring the aperture to have a specific configuration, the compliance of the support element
may be altered accordingly. Multiple factors may ‘be considered when configuring a aperture.
For example, the aperture may extend entirely through the support element or only partially
through; the aperture may be tapered; the shape of the aperture may vary; and the orientation of
the shape may vary. Accordingly, the aperture may have many possible configurations that vary
depending upon the speciﬁc application for which the footwear is intended to be used.

To provide the wearer with the ability to customize the compliance of each support
element, plugs may be inserted into the apertures. A plug formed-of the same material as the
support element and having the same shape as the aperture will generally configure the support
clement to have the same compliance as a solid support element. A plug formed of a material
with a lesser stiffness will provide an intermediate compliance. In addition, the plug may be

used to change the shape of the aperture or alter the orientation of the aperture.
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According to an aspect of the invention, there is provided an article
of footwear comprising: an upper for receiving a foot of a wearer; and a sole
structure attached to said upper, said sole structure including at least a first
support element with a columnar structure, said first support element being
discrete and having an upper surface and a lower surface that are secured to said
footwear, and said first support element having an exposed exterior surface and
an aperture extending into said first support element from said exterior surface,
the aperture providing the first support element with a greater compliance, wherein
the aperture extends in a direction from a lateral side toward a medial side of the
article of footwear.

According to another aspect of the invention, there is provided an
article of footwear comprising: an upper for receiving a foot of a wearer; and a sole
structure attached to said upper, said sole structure including at least a first
support element with a columnar structure, said first support element being
discrete and having an upper surface and a lower surface that are secured to said
footwear, and said first support element having an exposed exterior surface and
an aperture extending into said first support element from said exterior surface,
wherein said first support element includes at least a first plug formed of a first
material, said first plug being configured to be removably-received by said
aperture.

According to a further aspect of the invention, there is provided an
article of footwear comprising: an upper for receiving a foot of a wearer; and a sole
structure having a midsole and an outsole, said midsole being attached to said
upper and including at least a first support element with a columnar structure, said
first support element being discrete and having an upper surface and a lower
surface that are secured to said footwear, and said first support element having an
exposed exterior surface and an aperture extending into said first support element
from said exterior surface, the aperture providing the first support element with a
greater compliance, wherein the aperture extends in a direction from a lateral side
toward a medial side of the article of footwear, and wherein said first support

3a
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element includes an interior void that extends along at least a portion of a
longitudinal length of said first support element.

According to yet another aspect of the invention, there is provided an
article of footwear comprising: an upper for receiving a foot of a wearer; and a sole
structure having a midsole and an outsole, said midsole being attached to said
upper and including at least a first support element with a columnar structure, said
first support element being discrete and having an upper surface and a lower
surface that are secured to said footwear, and said first support element having an
exposed exterior surface and an aperture extending into said first support element
from said exterior surface, wherein said first support element includes an interior
void that extends along at least a portion of a longitudinal length of said first
support element, and wherein said first support element includes at least a first
plug formed of a first material, said first plug being configured to be removably-
received by said aperture.

According to still another aspect of the invention, there is provided

an article of footwear comprising: an upper for receiving a foot of a wearer; and a
sole structure having a midsole and an outsole, said midsole being attached to
sald upper and including at least four discrete and columnar support elements that
are distributed throughout at least a heel portion of said footwear, said support
elements including a first support element, said first support element having an
exposed exterior surface and an aperture extending into said first support element
from said exterior surface, the aperture providing the first support element with a

greater compliance, wherein the aperture extends in a direction from a lateral side
toward a medial side of the article of footwear.

According to a still further aspect of the invention, there is provided
an article of footwear comprising: an upper for receiving a foot of a wearer; and a
sole structure having a midsole and an outsole, said midsole being attached to
said upper and including at least four discrete and columnar support elements that
are distributed throughout at least a heel portion of said footwear, said support
elements including a first support element, said first support element having an

exposed exterior surface and an aperture extending into said first support element

3b
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from said exterior surface, wherein said first support element includes at least a
first plug formed of a first material, said first plug being configured to be
removably-received by said aperture.

According to another aspect of the invention, there is provided an
article of footwear comprising: an upper for receiving a foot of a wearer; and a sole
structure having a midsole and an outsole, said midsole being attached to said
upper and having a plurality of discrete and columnar support elements, including:
a first support element located in a heel portion of said footwear and on a lateral
side of said footwear, a second support element located in said heel portion of
said footwear and on a medial side of said footwear, a third support element
located on said lateral side and forward of said first support element, and a fourth
support element located on said medial side and forward of said second support
element, each of said support elements having an upper surface, a lower surface,
and an exposed exterior surface, said upper surface and said lower surface being
attached to said footwear, and at least one said exterior surface defining an
aperture in one said support element, said aperture reducing a compliance of said
one said support element, wherein the aperture extends in a direction from a
lateral side toward a medial side of the article of footwear.

According to a further aspect of the invention, there is provided an
article of footwear comprising: an upper for receiving a foot of a wearer; and a sole
structure having a midsole and an outsole, said midsole being attached. to said
upper and having a plurality of discrete and columnar support elements, including:

a first support element located in a heel portion of said footwear and on a lateral
side of said footwear, a second support element located in said heel portion of

said footwear and on a medial side of said footwear, a third support element
located on said lateral side and forward of said first support element, and a fourth
support element located on said medial side and forward of said second support
element, each of said support elements having an upper surface, a lower surface,
and an exposed exterior surface, said upper surface and said lower surface being
attached to said footwear, and at least one said exterior surface defining an

aperture in one said support element, said aperture reducing a compliance of said

3¢C
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one said support element, wherein said one said support element includes at least
a first plug formed of a first material, said first plug being configured to be
removably-received by said aperture.

The concepts discussed above may be applied to a variety of

5 footwear types. For example, support elements with apertures may be utilized in
running shoes to reduce the rate at

3d
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which the foot pronates. Alternatively, apertures may be incorporated into a walking shoe sole
to provide greater compliance in the heel area than in other areas of the sole.

The advantages and features of novelty that charactenze the present invention are pointed
out with particularity in the appended claims. To gain an improved understanding of the
advantages and features of novelty that characterize the present invention, however, reference
should be made to the descriptive matter and accompanying drawings which describe and

11lustrate various embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a lateral elevational view of a prior art article of footwear.

FIG. 2A 1s a lateral elevational view of an article of footwear that includes a support
element 1n accordance with a first embodiment of the present invention.

FIG. 2B 1s a medial elevational view of the article of footwear depicted in FIG. 2A.

FIG. 3A 1s an elevational view of a first support element.

FIG. 3B 1s a cross-sectional view taken along line 3B-3B in FIG. 3A.

FIG. 3C 1s an elevational view of a second support element.

FIG. 3D 1s a cross-sectional view taken along line 3D-3D in FIG. 3C.

FIG. 3E 1s an elevational view of a third support element.

FIG. 3F 1s a cross-sectional view taken along line 3F-3F in FIG. 3E.

FIG. 3G 1s an elevational view of a fourth support element.

FIG. 3H 1s a cross-sectional view taken along line 3H-3H in FIG. 3G.

FIG. 31 is an elevational view of a fifth support element.

FIG. 3] 1s a cross-sectional view taken along line 3J-3J in FIG. 3I.
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FIGS. 4A to 4M depict support elements having a variety of aperture shapes and

orientations.

FIGS. 5A to 5C are partial cross-sectional exploded views of support elements that

include a plug.

FIGS. 5D to 5G are perspective views of support elements having plugs that modify
aperture shapes and orientations.

FIG. 6 is a lateral elevational view of an article of footwear that includes support
elements in accordance with a second embodiment of the present invention.

FIG. 7 is a back elevational view of the article of footwear depicted 1n FIG. 6.

FIG. 8 is a perspective view of a support component from the article of footwear depicted

in FIG. 6.

DETAILED DESCRIPTION OF THE INVENTION

Referring to the drawings, wherein like numerals indicate like elements, articles of
footwear having a midsole in accordance with the present invention are disclosed. The figures
illustrate only the article of footwear intended for use on the left foot of a wearer. One skilled 1n
the art will recognize that a right article of footwear, such article being the mirror image of the
left, 1s intended to fall within the scope of the present invention.

Referring to FIGS. 2A and 2B, an article of footwear 100, having a design in accordance
with a first embodiment of the present invention, is depicted. Footwear 100 1s an article of
athletic footwear, particularly a running shoe. The concepts disclosed 1n reference to footwear

100, however, may be applied to any style of footwear, including a walking shoe, tennis shoe,

basketball shoe, loafer, dress shoe, sandal, hiking boot, or work boot.
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The primary elements of footwear 100 are an upper 110 that is attached in a conventional
manner to a sole structure 120. Upper 110 receives and comfortably secures footwear 100 to a
foot of a wearer. Sole structure 120, which is generally disposed between the foot of the wearer
and the ground, attenuates shock and absorbs energy when footwear 100 repetitively contacts the
ground during athletic activity.

As with conventional articles of athletic footwear, sole structure 120 includes an insole
(not depicted) located within upper 110, a midsole 140, and an outsole 150. Midsole 140 is
attached to upper 110 and functions as the primary shock-attenuating and energy-absorbing
component of footwear 100. Outsole 150 is attached o the lower surface of midsole 140 and
may be formed of a durable, wear-resistant polymer. The lower surface of outsole 150 may
include texturing to provide enhanced traction when contacting the ground.

The primary elements of midsole 140 are a heel plate 142, a base plate 144, and four
discrete elastomeric support elements 200. Heel plate 142 is located adjacent to upper 110 in the
heel portion of footwear 100. In addition to providing a firm surface that supports the heel
region of the wearer’s foot, heel plate 142 distributes the forces associated with impact among
support elements 200. Base plate 144 is-disposed between support elements 200 and outsole
150. The purpose of base plate 144 is to provide a semi-rigid base for support elements 200 and,
like heel plate 142, distribhtc forces among support elements 200. In alternate cmﬁodimcnts of
the invention, elements such as heel plate 142 and base plate 144 may be absent from footwear
100 or combined with other cle‘ments.

The number and position of support elements 200 may be varied to suit the needs of the
“particular application for which the footwear is intended to be used. With regard to footwear

100, four discrete support elements 200 are located as follows: support element 200a 1s located in
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the rear-lateral comer of footwear 100; support element 200b is located in the rear-medial corner
of footwear 100; support element 200c is located on the lateral side of footwear 100 and forward
of support element 200a; and support element 200d is located on the medial side of footwear 100
and forward of support element 200b.

Each support element 200 includes an upper surface 210 that is attached to heel plate 142
a lower surfacc 220 that is attached to base plate 144 and an exposed exterior surface 230 that
extends between upper surface 210 and lower surface 220. In addition, each support element

200 may include an interior void that also extends along a longitudinal axis of support element

200 and between upper surface 210 and lower surface 220. As depicted in FIGS. 2A and 2B, each

support element 200 has a generally cylindrical configuration. Within the scope of the present invention,

however, support elements 20U may have a variety of other columnar configurations, including
spherical, pyramidal, cubic, or other non-regular shape.

Matenais that are suitable for support elements 200 include rubber, polyurethane foam, or
phylon, for example. Another suitable material is a microcellular foam having a specific gravity

of 0.5 to 0.7 g/cm’, a hardness of 70 to 76 on the Asker C scale, and a stiffness of 110 to 130

kN/m at 60% compression. Although many materials may be utilized, support

elements 200 will provide enhanced performance if the material returns energy in the range of at
least 35 to 70%, as measured in a drop ball rebound test. In addition, the m#texial selected may
have sufficient durability to maintain structural integrity when repeatedily compressed from 50 to

70% of its natural height in excess of 500,000 cycles, for example. Altemnatively, a microcellular

elastomeric foam of the type disclosed in U.S. Patent Numbers 5,353,523 and 5,343,639 to

Kilgore et al., which have been discussed in the Background of the Invention herein, may be utilized.
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An advantageous aspect of support element 200a 1s the presence of an aperture 240a that
extends from a lateral side of exterior surface 230a, through the center of support element 200a,
and to a medial side of exterior surface 230a, thereby forming a hole or aperture that extends
through support element 200a. The general purpose of configuring support element 200a to
include channel 240a is to alter the compression characteristics of midsole 140. More
particularly, the purpose of aperture 240a is to alter the compliance, or ability to deform under a
compressive force, of support element 200a. Assuming that support elements 200 are
substantially 1dentical 1n materials and dimensions, then the presence of aperture 240a provides
support element 200a with greater compliance than the remaining support elements 200.
Accordingly, a compressive force directed along a vertical axis of support element 200a will
impart a greater degree of compressive deformation than an equal compressive force acting upon
support elements 200b-200d. The greater compressive deformation may be utilized, among
other purposes, to reduce the rate at which the foot pronates during running. An aperture 240
that 1s similar to aperture 240a may be formed in any support element 200. Additionally, a
single support element 200 may include multiple apertures 240.

Another method by which the compliance of an individual support element 200 may be
increased 15 to decrease the thickness of support element 200. Decreasing thickness, however,
also decreases the stability of support element 200 by increasing the probability that support
element 200 will buckle when subjected to a compressive load. Accordingly, the present
invention utilizes an alternate method of increasing compliance without decreasing stability, the
addition of aperture 240.

With many individuals, the typical motion of the foot during running proceeds as follows:

First, the heel strikes the ground, followed by the ball of the foot. As the heel leaves the ground,
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the foot rolls forward such that the toes make contact, and finally the entire foot leaves the
ground to begin another cycle. While in contact with the ground, the foot typically rolls from the
outside or lateral side to the inside or medial side, a process called pronation. That is, normally
the outside of the heel strikes first and the toes on the inside of the foot leave the ground last.
While the foot is airborme and preparing for another cycle, the opposite process, called
supination, occurs. Pronation, the inward roll of the foot while in contact with the ground,
although normal, can be a potential source of foot and leg injury, particularly if it is excessive.

As noted, support element 200a is positioned in the rear-lateral corner of footwear 100
and, based on the pronation discussion above, is located in the portion of sole structure 120 that
initially experiences ground reaction forces upon contact between footwear 100 and the ground.
Consequently, support element 200a will experience more significant compressive forces than
the remaining support elements 200 during initial impact. As the foot pronates (rolls to the
medial side) and simultaneously rolls forward, impact forces will then be transferred to support
elements 200b and 200c, and thereafter to support element 200d. If support element 200a, is
more compliant than other support elements, particularly support elements 200b and 200d, then
the lateral side of footwear 100 will generally have a greater overall compliance than the medial
side of footwear 100, thereby resulting in a configuration that reduces the rate at which the foot
pronates as forces are transferred from the lateral to medial side while footwear 100 is in contact
with the ground.

Reducing the rate of pronation, however, is not the only benefit that may be gained from
apertures 240. In addition, apertures 240 may be utilized to alter the compression characteristics
of support elements 200 so as to provide sole structure 120 with greater shock-attenuation or

energy-absorption capabilities, increased stability, and a reduction in the overall weight of



CA 02478796 2010-05-19

51587-1

footwéar 100. In addition, changes in the size and orientation of an aperture may be utilized to
configure footwear 100 for a person having a specific weight. In order to achieve these or other
benefits many factors should be considered, including the number of support elements 200, the
specific location of each support element 200, the number of apertures 240, and the configuration
of each aperture 240. The particular configuration of each aperture 240 has the effect of
determining the specific charactenstics of support elements 200 and the overall characteristics of
sole structure 120. Within the scope of the present invention, the configuration of apertures 240
may vary considerably. Factors having an effect upon the compression charactenistics include

penetration distance, degree of tapering, shape, size, and orientation of apertures 240. With

respect to FIG. 2A, aperture 240a has an elliptical cross-section, extends entirely through support

element 240a, and 1s not tapcrcd. One skilled 1n the art, however, will recognize that a variety of
aperture 240 configurations may be employed to increase the compliance of support element
2004, thereby increasing the cushioning that footwear 100 provides the individual.

Regarding penetration depth, an individual aperture 240 may be configured to penetrate
entirely through a support element 200, thereby imparting uniform compression characteristics
across support element 200, or only partially through support element 200. Partial penetration
depths may be used in applications where an advantage is gained from having non-uniform
compression ch'aractcristics across support element 200.  Non-uniform compression
characteristics may be utilized where, for example, one side of support element 210 is intended
to compress to a greater degree than the opposite side. Similarly, aperture 240 may have a
tapered configuration wherein one side has a greater. cross-sectional area than the opposite side.

To illustrate these concepts, FIGS. 3A to 3F depict various support elements 200 that are similar

to support element 200a in FIG. 2A. FIGS 3A and 3B depict an aperture 240 that extends entirely

10
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through support element 200 and is not tapered; FIGS. 3C and 3D depict an aperture 240 that
extends partially through a support element 200; and FIGS. 3E and 3F depict a support element
200 with a tapered aperture 240.

As discussed 1n the Description of Background Art section, support elements may have
an intenor void that extends longitudinally from the upper to lower surface. Referring to FIGS.
3G to 3J, two support elements 200 having an interior void 260 that extends from upper surface
210 to lower surface 220 are depicted. FIGS. 3G and 3H depict a support element 200 having a
aperture 240 that extends entirely through support element 200 and an interior void 260.'
Simlarly, FIGS. 31 and 3J depict a support element 200 having a aperture 240 that extends
partially through support element 200 and an intenor void 260. Accordingly, the compression

charactenstics of support elements 200 may be affected by other changes to the geometry or

structure, such as the inclusion of intenor void 260.

A further factor that affects the compression charactenstics 1s. the shape of aperture 240.
As depicted 1n FIG. 2A, aperture 240 has an elliptical shape. Other suitable shapes include
circular, rectangular, and dog bone (two circular areas connected by a slot), for example. The

size and proportions may also be altered. For example, a circular aperture 240 may have a 4, 8,

or 12 mullimeter diameter. Finally, the orientation of the shape may be altered. For example, an
elliptical aperture 240 may be oriented such that the foci are aligned horizontally, vertically, or

diagonally. Consequently, many factors may be considered when determining the optimum

configuration. Examples of aperture shapes and orientations are depicted in FIGS. 4A through 4M.

In order to determine, through experimental analysis, the effect of selected shapes and
orientations discussed above, a variety of support elements 200 with a diameter of approximately

21 millimeters were rcpeatcdly impacted at a velocity of 0.7 meters per second with a 4
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centimeter diameter, cylindncally-shaped impact head having a mass of 7.8 kilograms. The
support elements 200 had a vanety of aperture 240 configurations, including a 4, 8, and 12
| millimeter diameter circular apertures 240; elliptical apertures 240 having 8 and 12 millimeter
axes, the foct being aligned vertically, at 45 degrees, and horizontally; dog bone shaped apertures
240 that were aligned vertically, at 45 degrees, and horizoﬁtally; and narrow, rectangular
apertures 240 with a length of 12 millimeters and aligned vertically, at 45 degrees, and
horizontally. As a control, a support element 200 without an aperture 240 was also tested. In
general, the testing indicated that support elements 200 having the 4 millimeter circular shaped
aperture 240, the rectangular slot, and the dog bone shape were only slightly more compliant

than the support element 200 without an aperture 240. Also, testing indicated that the shape of

aperture 240 has a greater effect upon compliance than the onentation, the most compliant shape
being the elliptically-shaped apertures 240.

A varie.ty of individuals having different characteristics, such as mass or running style,
may each utilize footwear having apertures 240 formed in support elements 200. Accordingly,
each individual may require support elements 200 having different configurations of aperture
240, thereby configuring the footwear for the specific needs of each, unique individual. For
example, those individuals with relatively large masses may find that an aperture 240 that imparts
lesser compliance 1s most appropnate. An individual having a relatively small mass, however,
may find that an aperture 240 that imparts greater compliance is most appropriate. In addition,

those individuals that pronate to a greater degree than other individuals may find that a sole with

greater medial stiffness is most appropriate. Accordingly, apertures 240 may be added to support

elements 200 that are located on a lateral side of the footwear. The configuration of apertures
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240, therefore, may vary significantly within the scope of the present invention to accommodate
individuals with differing characteristics or footwear requirements.

Support elements 200 with greater compliance may be more appropriate for hard playing
surfaces, such as concrete or asphalt, but support elements 200 with lesser compliance may be
more appropriate for softer playing surfaces, such as turf. The use of a plug 250, as depicted in
FIG. 5A, permits individuals to quickly alter the compliance of support elements 200. Plug 250
has the approximate dimensions of aperture 240 and may, consequently, be inserted into aperture
240. A locking mechanism, such a protrusion on plug 250 that mates with an indentation in
aperture 240, which 1s depicted in FIG. 5B, may be added to ensure that plug 250 remains
securely positioned. Similarly, the locking mechanism may include threads on plug 250 that
mate with corresponding threads in aperture 240, as depicted in FIG. 5C. As described above,
the absence of matenal in aperture 240 is primarily responsible for the increase in compliance.
By inserting plug 250, aperture 240 gains support and the compliance of support element 200 is
decreased. The material used to form plug 250 also has an effect upon the compliance. A plug
250 that 1s formed of the same material as support element 200 will generally configure support
element 200 to have the compliance of a solid support element 200 (e.g., a support element 200
without aperture 240). A plug 250 that is formed of a material that is less compliant than the
material forming support element 200 will then impart a lesser degree of compliance.

Plug 250 may also be utilized to distort the shape of aperture 240, thereby altering the
comphiance of support element 200. Experimental testing, as discussed above, indicated that the
shape of aperture 240 has an effect upon compliance. Accordingly, plug 250 may be utilized to
distort an elliptical aperture 240 into a rectangular aperture 240, as depicted in FIGS. 5D and 5E,

thereby reducing overall compliance. A plug may also be utilized to alter the orientation of an
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aperture 240. For example, an elliptical plug 250 may be inserted into an elliptical aperture 240
that is oriented to have greater height than width, as depicted in FIG. SF. Plug 250 may then be

rotated 90 degrees, as depicted 1n FIG. 5@, to alter the orientation of aperture 240 to have greater .

width than height.

A second embodiment of the present invention is disclosed in FIGS. 6 to 8. Footwear
300 is a walking shoe that includes a support component 310 having four support elements 320.
In the first embodiment, support elements 200 were individual components. Support elements
320 of the second embodiment, however, are integrally formed with a common upper surface
that may incorporate a depression for receiving the heel.

During running, the rear-lateral comer of an article of footwear typically makes initial
contact with the ground, as discussed above. During walking, however, initial contact usually
occurs across the rear portion of the footwear. Consequently, footwear 300 includes apertures
330, which are elliptically-shaped, in both rear support elements 320a and 320b. To increase
stability of footwear 300, support elements 320a and 320b are partially connected, as depicted in
FIG. 8. In addition, the rear portion of support component 310 is rounded to permit footwear
300 and the foot to smoothly rotate forward following initial contact with the ground. As with
the first embodiment, support elements 320 may have a variety of aperture 330 configurations
and may include one or more plugs 250 that permit the wearer to adjust compression properties.

The present invention is disclosed above and in the accompanying drawings with
reference to a variety of embodiments. The purpose served by disclosure of the embodiments,

however, is to provide an example of the various aspects embodied in the invention, not to limit

the scope of the invention. One skilled in the art will recognize that numerous variations and
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modifications may be made to the embodiments without departing from the scope of the present

invention, as defined by the appended claims.
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CLAIMS:

1. An article of footwear comprising:
an upper for receiving a foot of a wearer; and

a sole structure attached to said upper, said sole structure including
at least a first support element with a columnar structure, said first support
element being discrete and having an upper surface and a lower surface that are
secured to said footwear, and said first support element having an exposed
exterior surface and an aperture extending into said first support element from
said exterior surface, the aperture providing the first support element with a
greater compliance, wherein the aperture extends in a direction from a lateral side
toward a medial side of the article of footwear.

2. The article of footwear of claim 1, wherein said sole structure
Includes a midsole and an outsole, said first support element being located in said
midsole.

3. The article of footwear of claim 1, where said sole structure includes
a second support element, a third support element, and a fourth support element,
said second, third, and fourth support elements being discrete and having a
columnar structure.

4. The article of footwear of claim 3, wherein said support elements are
located in a heel portion of said sole structure.

S. The article of footwear of claim 4, wherein said support elements are
arranged such that said first support element is located on a lateral side of said
footwear; said second support element is located on a medial side of said
footwear; said third support element is located forward of said first support
element; and said fourth support elemeht IS located forward of said second
support element.

6. The article of footwear of claim 1, wherein said aperture extends
through said first support element.
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7. The article of footwear of claim 1, wherein a shape of said aperture
Is elongate.

8. The article of footwear of claim 1, wherein a height of said aperture

is greater than a width of said aperture.

9. The article of footwear of claim 1, wherein a width of said aperture is

greater than a height of said aperture.

10. The article of footwear of claim 1, wherein a shape of said aperture
is selected from a group consisting of elliptical, circular, and rectangular.

11. The article of footwear of claim 1, wherein said aperture is elliptical.

12. The article of footwear of claim 1, wherein said first support element
includes an interior void that extends along at least a portion of a longitudinal
length of said first support element.

13. The article of footwear of claim 12, wherein said interior void
Intersects said aperture.

14, The article of footwear of claim 1, wherein said first support element
Is located in a rear lateral portion of said sole structure to decrease a compliance
of said rear lateral portion.

18. An article of footwear comprising:

an upper for receiving a foot of a wearer; and

a sole structure attached to said upper, said sole structure including
at least a first support element with a columnar structure, said first support

element being discrete and having an upper surface and a lower surface that are
secured to said footwear, and said first support element having an exposed
exterior surface and an aperture extending into said ﬁrst support element from
said exterior surface, wherein said first support element includes at least a first
plug formed of a first material, said first plug being configured to be removably-

received by said aperture.
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16. The article of footwear of claim 15, wherein said first support

element includes a locking mechanism that securely positions said plug.

17. The article of footwear of claim 15, wherein a shape of said first plug

Is different than a shape of said aperture to alter the shape of said aperture.

18. The article of footwear of claim 15, wherein said first plug is rotatable

within said aperture to alter an orientation of said aperture.

19, The article of footwear of claim 15, wherein said first support
element includes a second plug, said first plug being formed of a first material and
said second plug being formed of a second material, said first material being less
compliant than said second material.

20. An article of footwear comprising:
an upper for receiving a foot of a wearer; and

a sole structure having a midsole and an outsole, said midsole being
attached to said upper and including at IeaSt a first support element with a
columnar structure, said first support element being discrete and having an upper
surface and a lower surface that are secured to said footwear, and said first
support element having an exposed exterior surface and an aperture extending
into said first support element from said exterior surface, the aperture providing
the first support element with a greater compliance, wherein the aperture extends
In a direction from a lateral side toward a medial side of the article of footwear,

and wherein said first support element includes an interior void that extends along
at least a portion of a longitudinal length of said first support element.

21. The article of footwear of claim 20, where said sole structure
Includes a second support element, a third support element, and a fourth support
element, said second, third, and fourth support elements being discrete and
having a columnar structure.

22. The article of footwear of claim 21, wherein said support elements
are located in a heel portion of said sole structure.
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23. The article of footwear of claim 22, wherein said support elements
are arranged such that said first support element is located on a lateral side of
said footwear; said second support element is located on a medial side of said
footwear; said third support element is located forward of said first support
element; and said fourth support element is located forward of said second
support element.

24. The article of footwear of claim 20, wherein said aperture extends
through said first support element.

25. The article of footwear of claim 20, wherein a shape of said aperture
IS elongate.
26. The article of footwear of claim 20, wherein a height of said aperture

IS greater than a width of said aperture.

27. The article of footwear of claim 20, wherein a width of said aperture
IS greater than a height of said aperture.

28. The article of footwear of claim 20, wherein a shape of said aperture
Is selected from a group consisting of elliptical, circular, and rectangular.

29. The article of footwear of claim 20, wherein said aperture is elliptical.

30. The article of footwear of claim 20, wherein said first support
element is located in a rear lateral portion of said sole structure to decrease a
compliance of said rear lateral portion.

31. An article of footwear comprising:
an upper for receiving a foot of a wearer; and

a sole structure having a midsole and an outsole, said midsole being
attached to said upper and including at least a first support element with a

columnar structure, said first support element being discrete and having an upper
surface and a lower surface that are secured to said footwear, and said first
support element having an exposed exterior surface and an aperture extending
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into said first support element from said exterior surface, wherein said first support
element includes an interior void that extends along at least a portion of a
longitudinal length of said first support element, and wherein said first support
element includes at least a first plug formed of a first material, said first plug being
configured to be removably-received by said aperture.

32. The article of footwear of claim 31, wherein said first support
element includes a locking mechanism that securely positions said plug.

33. The article of footwear of claim 31, wherein a shape of said first plug

is different than a shape of said aperture to alter the shape of said aperture.

34. The article of footwear of claim 31, wherein said first plug is rotatable

within said aperture to alter an orientation of said aperture.

39. The article of footwear of claim 31, wherein said first support
element includes a second plug, said first plug being formed of a first material and
said second plug being formed of a second material, said first material being less

compliant than said second material.
36. An article of footwear comprising:
an upper for receiving a foot of a wearer; and

a sole structure having a midsole and an outsole, said midsole being
attached to said upper and including at least four discrete and columnar support
elements that are distributed throughout at least a heel portion of said footwear,
said support elements including a first support element, said first support element
having an exposed exterior surface and an aperture extending into said first
support element from said exterior surface, the aperture providing the first support
element with a greater compliance, wherein the aperture extends in a direction
from a lateral side toward a medial side of the article of footwear.

37. The article of footwear of claim 36, wherein said support elements
include:
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said first support element, which is located on a lateral side of said
footwear,

a second support element, which is located on a medial side of said
footwear,

a third support element, which is located on said lateral side and
forward of said first support element, and

a fourth support element, which is located on said medial side and
forward of said second support element.

38. The article of footwear of claim 36, wherein said aperture extends
through said first support element.

39. The article of footwear of claim 36, wherein a shape of said aperture
IS elongate.
40. The article of footwear of claim 36, wherein a height of said aperture

is greater than a width of said aperture.

41. The article of footwear of claim 36, wherein a width of said aperture
IS greater than a height of said aperture.

42. The article of footwear of claim 36, wherein a shape of said aperture
IS selected from a group consisting of elliptical, circular, and rectangular.

43 The article of footwear of claim 36, wherein said aperture is elliptical.

44 The article of footwear of claim 36, wherein said first support
element includes an interior void that extends along at least a portion of a
longitudinal length of said first support element.

45. The article of footwear of claim 44, wherein said interior void
iIntersects said aperture.

40. An article of footwear comprising:

21




10

15

20

25

CA 02478796 2010-05-19

51587-1

an upper for receiving a foot of a wearer, and

a sole structure having a midsole and an outsole, said midsole being
attached to said upper and including at least four discrete and columnar support
elements that are distributed throughout at least a heel portion of said footwear,
said support elements including a first support element, said first support element
having an exposed exterior surface and an aperture extending into said first
support element from said exterior surface, wherein said first support element
includes at least a first plug formed of a first material, said first plug being

configured to be removably-received by said aperture.

47. The article of footwear of claim 46, wherein said first support
element includes a locking mechanism that securely positions said plug.

48. The article of footwear of claim 46, wherein a shape of said first plug
s different than a shape of said aperture to alter the shape of said aperture.

49. The article of footwear of claim 46, wherein said first plug is rotatable
within said aperture to alter an orientation of said aperture.

50. The article of footwear of claim 46, wherein said first support
element includes a second plug, said first plug being formed of a first material and
said second plug being formed of a second material, said first material being less
compliant than said second material.

51. An article of footwear comprising:

an upper for receiving a foot of a wearer; and

a sole structure having a midsole and an outsole, said midsole being

attached to said upper and having a plurality of discrete and columnar support
elements, including:

a first support element located in a heel portion of said footwear and

~on a lateral side of said footwear,
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a second support element located in said heel portion of said
footwear and on a medial side of said footwear,

a third support element located on said lateral side and forward of

said first support element, and

a fourth support element located on said medial side and forward of
said second support element,

each of said support elements having an upper surface, a lower
surface, and an exposed exterior surface, said upper surface and said lower
surface being attached to said footwear, and at least one said exterior surface
defining an aperture in one said support element, said aperture reducing a
compliance of said one said support element, wherein the aperture extends in a
direction from a lateral side toward a medial side of the article of footwear.

52. The article of footwear of claim 51, wherein said one said support
element is said first support element.

53. The article of footwear of claim 51, wherein a shape of said aperture
IS elongate.
54. The article of footwear of claim 51, wherein a height of said aperture

is greater than a width of said aperture.

59. The article of footwear of claim 51, wherein a width of said aperture
Is greater than a height of said aperture.

56. The article of footwear of claim 51, wherein a shape of said aperture
is selected from a group consisting of elliptical, circular, and rectangular.

57. The article of footwear of claim 51, wherein said aperture is elliptical.

58. An article of footwear comprising:

an upper for receiving a foot of a wearer; and
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a sole structure having a midsole and an outsole, said midsole being
attached to said upper and having a plurality of discrete and columnar support
elements, including:

a first support element located in a heel portion of said footwear and
on a lateral side of said footwear,

a second support element located in said heel portion of said
footwear and on a medial side of said footwear,

a third support element located on said lateral side and forward of
said first support element, and

a fourth support element located on said medial side and forward of
said second support element,

each of said support elements having an upper surface, a lower
surface, and an exposed exterior surface, said upper surface and said lower
surface being attached to said footwear, and at least one said exterior surface
defining an aperture in one said support element, said aperture reducing a
compliance of said one said support element, wherein said one said support
element includes at least a first plug formed of a first material, said first plug being
configured to be removably-received by said aperture.

59. The article of footwear of claim §8, wherein said one said support
element includes a locking mechanism that securely positions said plug.

60. The article of footwear of claim 58, wherein a shape of said first plug
is different than a shape of said aperture to alter the shape of said aperture.

61. The article of footwear of claim 58, wherein said first plug is rotatable
within said aperture to alter an orientation of said aperture.

62. The article of footwear of claim 58, wherein said one said support
element includes a second plug, said first plug being formed of a first material and
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said second plug being formed of a second material, said first material being less
compliant than said second material.
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