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central (28) walls. The first and second walls (19) are
tubular and are configured for supporting and cushioning
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SHOE SOLE CUSHION

FIELD OF THE INVENTION
The present invention relates to a cushion for
placement in a shoe sole for cushioning and supporting a
foot. More particularly, the invention relates to a cushion
that has a central hollow portion disposed between and joined
with vertically stiffer tubular portions which are located

around edges of a foot shape.

BACKGROUND OF THE INVENTION

Resilient athletic shoe soles have been made with a
variety of resilient cushioning elements for storing and
absorbing impact energy imposed on a wearer's feet. Known
shoe soles include fluid bladders that either contain
pressurized air or a viscous liquid or gel to absorb shock
and store energy.

U.S. patent No. 5,406,719, for instance, discloses
a bladder that is pressurized with a gas. The bladder
includes a heel support with various gas chambers. Gas
chambers are located around the perimeter of the heel
support, and additional chambers are located centrally in the
heel support. The gas confined in the chambers provides
cushioning for a foot as gas pressure increases in response
to loads applied on the chambers. The patent shows the
central chamber communicated with a lateral chamber so that
internal gas pressure is equalized between the chambers.

U.S. Patent No. 5,353,459 also shows a bladder for
cushioning a heel. The bladder has a horse-shoe shaped
chamber that extends about the periphery of the bladder, from
the medial side to the lateral side around the rear of the
bladder. Within the horse-shoe shape is a central chamber.
As in the '719 patent disclosure, this stiffness of the

chambers is controlled by altering the gas pressure therein.
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U.S. Patent No. 4,183,156 discloses an insole
shaped insert with interconnected chambers that form
pneumatic springs. Two of these chambers are tubular and
extend around the sides and back of the heel of the insole.
Two additional tubular chambers are disposed between the
chambers that extend around the heel sides.

Cushioning bladders that employ a gas or other
fluid to cushion shock to a foot suffer from a number of
disadvantages. These bladders can usually leak over time,
and gas units are especially prone to loss of pressure as the
bladder ages. Moreover, the bladders are subject to
punctures caused by sharp objects. Once the bladders are
punctured, their contents are free to escape, and the
bladders cease to effectively cushion shocks. Furthermore,
fluid filled bladders also tend to pop and/or compress over
time. Most perform significantly differently at different
temperatures as the pressure or viscosity of the contained
fluids varies. Also, because the fluid within the bladders
tends to equalize the pressure within chambers of the
bladders, compression of one part of a chamber may merely
force the fluid to another part of the chamber decreasing
control over localized deformation, and thus cushioning, of
the bladder.

Other known soles employ resilient structures that
rely on walls of the structure rather that on a fluid
contained therein to cushion impact on a wearer's foot. U.S.
Patent 5,255,451, for example, teaches a shoe sole with an
insert formed from a plurality of undulations. U.S. Patent
4,774,774 shows a midsole formed of a honeycomb structure.
Also, U.S. Patent No. 4,342,158 teaches a sole with a coned
disk spring member disposed in the sole heel.

These prior art cushions in which the walls carry
cushioning loads are generally located in relatively large

areas of portions of a foot. The prior teachings fail to
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take advantages certain shapes that are provided by fluid
filled bladders.

Thus, a foot sole cushion is needed which overcomes
the disadvantages of prior art devices. For example, the use
of the walls of the cushion, rather that its contents, to
carry most of the impact loads imposed upon it, and the
precise control of the stiffnesses of various portions of the

cushion would be desirable.

SUMMARY OF THE INVENTION

The invention provides a cushion for use in a shoe
sole. The cushion includes resilient load-bearing first and
second hollow tubular walls that are shaped to support and
cushioning edges of the shoe wearer's foot. The tubular
walls form first and second tubular portions, one of which
extends generally along a lateral side of the wearer's foot,
and the other of which extends generally along a medial side
of the wearer's foot.

The cushion also has a resilient load-bearing
central wall configured to support and cushion a widthwise
central part of the foot disposed generally centrally across
the width of the foot shape. The central wall forms a hollow
central portion and is located between and joined with the
tubular portions.

The preferred embodiment of the cushion provides a
coupled portion in which the central wall and first tubular
wall are coupled such that vertical deformation of one of the
central and first walls is transmitted to the other. 1In the
coupling portion, vertically spaced elevated sections of the
central and first walls are so coupled by vertically spaced
coupling walls. At least one of the coupling walls joins
together elevated walls that are adjacent each other. Thus,

vertical deformation is transmitted through the coupling
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walls between the coupled walls of the central portion and
first tubular portion.

The coupling portion of the preferred embodiment of
the cushion is placed in a heel strike area of the wearer's
foot, which receives the first and concentrated loads
generated during a running step. Where the cushion is for
the wearer's heel, the coupling portion is disposed off-
center, laterally with respect to a longitudinal centerline
that extends through the heel section of the sole. The
coupling portion is also preferably configured and
dimensioned for placement near the strike path of the
wearer's foot, which receives the largest loads generated
during the running step.

Where the central and tubular walls are not
coupled, the preferred embodiment has a recessed portion that
joins the central portion and first tubular portion. Because
this portion is recessed and preferably lacks walls that are
vertically spaced to any significant extent, vertical
deformation is substantially isolated between sections of the
central wall and first tubular wall which are disposed
adjacent the recessed portion.

The invention is particularly suited for use in the
heel portion of a shoe sole. In this arrangement, the first
tubular- portion extends along lateral and rear edges of the
heel portion to support lateral and rear edges of the
wearer's heel. The two tubular portions are joined at a rear
section of the heel, together forming a single tubular
portion that extends substantially continuously along the
entire contour of the heel shape of the sole. The central
portion of the cushion is preferably joined to the tubular
portions at a rear part of the central portion, with the
central and tubular walls defining a lower surface that

slopes upwards from the horizontal.
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The central and tubular walls are preferably
arcuate. As a result, the central and tubular portions have
oval cross-sections along a plane that extends widthwise and
vertically. In the preferred embodiment, the central and
tubular portions have a substantially similar vertical
height. The medial to lateral width of the central portion
is greater than at least one of the medial to lateral widths
of the tubular portions. Preferably, an aspect ratio of
width to height of the central portion reaches a maximum of
between about 2 and 4, and an aspect ratio of the first
tubular portion is between about 0.75 and 1.5.

To strengthen the walls of the cushion, at least
one of the tubular and central walls preferably has ribs
extending widthwise thereacross. Where the walls have
substantially uniform thicknesses, grooves are defined on a
side of the walls opposite the ribs.

The cushion is preferably of unitary construction
from a single piece of molded plastic material, with the
tubular portions vertically stiffer than the central portion.
The stiffer tubular portions stabilize the wearer's foot
towards the central portion due to their shape.

As the support of the cushion if provided by the
load-bearing central and tubular walls themselves, any air
trapped within the cushion is preferably not pressurized and
is at atmospheric pressure. This reduces problems associated
with fluid or gas pressurized bladders of the prior art.

The preferred placement of the cushion within a ‘
sole of a shoe is as a midsole, with an outsole mounted below
the cushion to contact the ground. The cushion itself,

however, may be employed as an outsole in some embodiments.
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BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a cross-sectional lateral view of a

portion of a left shoe sole with a cushion according to the

invention;
FIG. 2 is a top view of the cushion;

FIG. 3 is a cross-sectional front view of the

cushion along plane III-III of FIG. 2;

FIG. 4 is a top view of a running strike-path on a
foot shape; and

FIG. 5 is a lateral view of the cushion.

DETATILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

FIG. 1 shows a sole employing the preferred
embodiment of a cushion 10 of the invention in a heel portion
16 of the sole. The sole includes a midsole 12 and an
outsole 14. 1In this embodiment, the cushion 10 is part of
the midsole 12, but is partially exposed on its lower side
and may contact the ground, thus serving also as an outsole.

Referring to FIG. 2, the cushion has an outer
tubular portion'24 that includes a medial tubular portion 18
and a lateral tubular portion 20, which are formed by
resilient load-bearing tubular walls 19. Tubular portions 18
and 20 extend along medial and lateral edges of the foot
shape of the sole. 1In the preferred embodiment, the tubular
portions 18 and 20 extend generally along the medial and
lateral edges of the heel shape part of the foot shape. The
tubular portions 18 and 20 also extend along the rear edge 22
of the heel shape, together preferably forming the single,
substantially continuous, outer tubular-portion 24. The
resulting tubular portion 24 extends un a U-shape
substantially continuously along the contour of the heel
shape. The walls 19 forming the outer portion 24 are

configured and dimensioned for supporting edges of a foot and
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cushioning impact produced thereon, for example, by walking,
running, or jumping.

A hollow central portion 26 is disposed between and
joined with the medial and lateral portions 18 and 29. The
central portion 26 if formed by a resilient load-bearing
central wall 28. Preferably, the central 28 wall is joined
to the tubular walls 19 along the entire extent at which the
central portion 26 lies adjacent the tubular portion 24,
including on the medial, lateral, and rear sides of the
central portion 26. The central wall 28 is configured and
dimensioned for supporting and cushioning a central portion
of the foot, in this case of the heel.

The walls 28 and 19 themselves carry most of the
loads imposed on the cushion 10. Hence, the air or other
material contained within the cushion 10 is preferably not
relied upon to support or cushion a foot. The walls 28 and
19 of the cushion provide a significant portion of the
support by the cushion. Although air or other material may
be trapped within the cushion, most preferably, the material
in the trapped material does not provide significant support
or cushioning.

The cushion 10 also has recessed portions 30 that
extend between the central and tubular portions 26 and 24.
The recessed portions 30 join the central and tubular
portions 26 and 24 while isolating vertical deformation
between the sections of the tubular walls 19 and the central
wall 28 that lie adjacent the recessed portions 30.

As seen in FIG. 3, the tubular walls 19 have
vertically spaced elevated sections 32, and the central wall
has vertically spaced elevated sections 34. The term
elevated in this context includes upper and lower portions of
the walls and does not refer solely to the top side of the
cushion. Because the elevated portions 32 of the tubular

walls 19 are isolated from the elevated portions 34 of the
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central wall 28, substantially no vertical compression is
transmitted therebetween across the recessed portions 30.

Referring again to FIG. 2, the cushion 10 also
includes a coupling portion 36 with at least one wall
elevated from the level of the recessed portions 30,
preferably separating recessed portions 30 of the cushion 10.
The coupling wall 36 connects the central elevated sections
34 to the tubular elevated sections 32. This connection
couples the adjacent elevated sections 32 and 34 such that
vertical deformation is transmitted between the tubular walls
19 and the central wall 28.

The coupling portion 36 permits energy to be stored
and absorbed by both the central walls 28 and the tubular
walls 18 and 20 when the cushion 10 is impacted in locations
on either the central or tubular portions 26, 18, or 20 that
are near the coupling portion 36. The location of the
coupling portion 36 is preferably selected to provide the
improved cushioning near common areas of impact on the shoe
sole. When the cushion is disposed in the heel of a sole,
the coupling portion 36 is preferably disposed at the rear of
the heel, generally aligned with a heel strike area 52, which
is known in the art, as explained below.

It is well known in the art that during a step,
particularly while a wearer is running, the wearer's foot
strikes the sole generally along a strike path 66, shown in
FIG. 4. The strike path 66 along the sole is S-shaped and
extends from the heel to the fore foot portion of the foot
shape 82 of the sole. This path 66 receives first and
largest loads from impact on the sole. The heel strike area
52 is the area in the heel of the sole that is known to
receive the first and most intense impact by a wearer's foot.

The cushion is shown in FIG. 2 disposed in the sole
such that the heel strike area 52 is disposed in the region

defined behind lines 54 and 56. In the preferred cushion 10
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sized for a men's size 9.5 shoe, lines 54 and 56 intersect
centerline 38 of the cushion 10 at about 23 to 31 mm from the
rear of the cushion 10. This distance varies according to
shoe size. Line 54 extends laterally at an angle 58 of about
25° forward from a horizontal line 60 normal to the
centerline 38. Preferably angle 58 is generally 12° and 36°,
such as between about 20° and 30°, and most preferably, angle
58 is about 25.5°. Line 56 extends medially at an angle 62
of about 5° behind line 60. Preferably angle 62 is between
about 0° and 25°, such as between 1° and 10°, and most
preferably, angle 62 is about 4.5°. Thus, the coupling
portion 36, being disposed generally centrally with respect
to the heel strike area 52, is displaced laterally from the
centerline 38.

Because central and tubular portions 26 and 24 are
hollow, the central portion 26 defines a central interior
chamber 40, and the tubular portion 24 defines a tubular
interior chamber 42. The central and tubular chambers 40 and
42 are communicated through the interior of the coupling
portion 36. In the preferred embodiment, the tubular and
central walls 19 and 28 are coupled for transmitting vertical
deformation therebetween where the coupling portion 36
communicates the interior chambers 40 and 42. In an
alternative embodiment, however, these chambers 40 and 42 may
be separated internally if desired. Also, in another
alternative embodiment, the hollow central and tubular walls
28 and 19 may be filled with a deformable filler material
such as a foam, gel, or other material commonly employed in
shoe soles.

The central and tubular walls 28 and 19 also
preferably comprise stiffening ribs 44 that extend widthwise
across the central and tubular portions 26 and 24. It should
be appreciated that FIG. 3 omits the ribs 44 for clarity. As
the walls 19 and 28 of the cushion 10 of the embodiment shown

- 9 -
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are of substantially uniform thickness, the ribs 44 form
grooves 46 on an opposite side of the walls 19 and 28
therefrom. Ribs 44 increase the bending stiffness of the
walls 19 and 28. The walls 19 and 28 become stiffer as the
ribs 44 are spaced closer to each other, made thicker, and as
they extend further from the remainder of the surface of the
walls 19 and 28. The ribs 44 are preferably between about 1-
4 mm wide and are spaced by between about 6-18 mm.

Although the ribs may be oriented in parallel to
each other, the preferred ribs extend in an orientation
generally perpendicular to the running strike path 66 shown
in FIG. 4. The ribs 44 of the embodiment shown are oriented
at an angle 68 of preferably less than about 40° from a line
70 normal to the strike path 66, and more preferably of less
than about 20° therefrom.

As shown in FIG. 1, the bottom central wall 28
includes an indented portion 64 that has substantially the
same depth as the ribs 44. Thus, the ribs 44 do not extend
across this indented portion 64. In other embodiments,
additional outsole material may be fixed to the indented
portion 64, or the indented portion 64 may display decorative
or trade insignia. FIG. 2 shows the indented portion 64 as
having an elliptical shape.

The preferred cross-sectional shape of the cushion
10 taken along plane III-III of FIG. 2, which that extends
widthwise and vertically through the cushion 10, is best
shown in FIG. 3. Both the central and tubular walls 28 and
19 have an arcuate shape. The central wall 28 preferably
defines an oval or elliptical cross-section. The preferred
cross-sections of the tubular walls 19 are generally circular
when compared to the cross-section of the central wall 28.
Due to these shapes, the cushion 10 stores and returns energy
to a wearer. The relatively wide and horizontal elevated

portions 34 of the central walls 28 renders the central
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portion less stiff than the tubular portion 24. At the
widest part of the cushion 10, which is shaped for a heel,
the central portion 26 reaches a maximum width 74 that is
preferably greater than about 50% of the maximum width 84 of
the cushion 10 from the medial edge of the medial tubular
portion 18 to the lateral edge of the lateral tubular portion
20, and more preferably about 60% as wide as the maximum
width 84 of the cushion 10. Preferably, one of the medial
and lateral tubular portions 18 and 20 is at least about 15%
as wide as the central portion 26 where the cushion 10 is
widest, and more preferably about 20% as wide.

Also, in the preferred embodiment, the central and
tubular portions 26 and 24 have substantially the same
vertical height 72. An aspect ratio of each cushion portion
18 and 20 is defined as the ratio of the widths 74 and 75 of
the cushion portions 24 and 26 to the height 72 thereof. The
aspect ratios of the tubular portions 18 and 20 are measured
across their central axes. The maximum aspect ratio of the
central portion 26 is between about 2 and 3, and preferably
about 2.6. The aspect ratio of the tubular portion 24 is
between about 0.75 and 1.5 along the lateral and medial sides
of the cushion 10, and is preferably about 1.

The resulting higher stiffness of the tubular
portion 24 when compared to the central portion 26 is desired
as this stabilizes a foot toward the central portion 26

during impact. With the central walls 28 deforming

vertically more than the tubular walls 19 during an impact,

the cushion 10 directs the foot towards the central portion
26 during each stride, reducing the chance of injury.

Referring to FIG. 5, the forward part of the
cushion 10, including the central and tubular walls 28 and
19, has a rounded forward edge 76. Rounded edge 76

facilitates flexure of the longitudinally central part of the

" sole during a step. Also, the rear of the cushion 10 becomes
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vertically thinner as a lower rear surface 78 is angled
upwardly at an angle 80 of about 10° from the horizontal.
This angle 80 provides a raised heel of the outsole to
improve comfort while a wearer is running.

The cushion 10 is preferably blow molded as a
single piece of unitary construction. HYTREL HTR5612, a
polyester elastomer designed for blow molding and sold by
Dupont, is the preferred material for use in the construction
of the cushion 10. Other materials very suitable for blow
molding the cushion 10 have relatively high melt viscosities.
The most preferred cushion material preferably has a
Poisson's ratio of about 0.45, a flexural modulus of around
124 MPa, and a hardness durometer of 50 on the D scale. When
subjected to a compression test in which the material is
compressed to 50% of its original thickness for 48 hours and
then released, the material preferably decompresses
substantially completely. The preferred HYTREL material
returns to within 1% of its original thickness after a
compression test. The remainder of the midsole, outsole, and
insole, which is mounted above the midsole for placement
adjacent a foot, are made from conventional materials.

As a result of the blow molding process, a hollow
stub 48 remains through which air was blown during
manufacturing. This stub 48 is preferably sealed to prevent
the cushion 10 from emitting an annoying noise each time a
step is taken, as air is sucked in and blown out through the
stub. Sealing the stub 48 also prevents water, or other
fluids that may be present on a walking surface from entering
the cushion 10. If the stub 48 itself is not closed,
adjacent material 50 of the shoe sole may be used to close
the stub opening. As mentioned above, although the cushion
10 traps air once the stub 48 is closed, the walls 19 and 28

of the cushion 10 provide the main support and cushioning for
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a foot, instead of the trapped air. Trapped air, if any, is
preferably not significantly pressurized.

One of ordinary skill in the art can envision
numerous variations and modifications. For example,
alternative embodiments may have no stiffening ribs, or may
be configured for use in a forefoot region, or other region,
of a shoe sole. All of these modifications are contemplated

by the true spirit and scope of the following claims.
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CLAIMS

What is claimed:

1. A cushion for use in a shoe sole, the cushion
comprising:

resilient load-bearing first and second hollow
tubular walls configured for supporting and cushioning a shoe
wearer's foot and respectively forming first and second
tubular portions, one of the tubular portions extending
generally along a lateral side of the wearer's foot and the
other extending generally along a medial side of the wearer's
foot; and

a resilient load-bearing central wall configured
for supporting and cushioning a widthwise central part of the
foot, the central wall forming a hollow central portion and
being disposed between and joined with the first and second

tubular portions.

2. The cushion of claim 1, further comprising a
coupling portion associated with the central and first walls
for coupling the central and first walls such that vertical
deformation of one of the central and first walls is

transmitted to the other.

3. The cushion of claim 1, wherein the tubular
and central walls are configured for supporting and

cushioning a wearer's heel.

4. The cushion of claim 1, wherein the central
and tubular portions have a substantially similar vertical
height.

- 14 -
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5. The cushion of claim 1, wherein the first and
second tubular portions respectively have first and second
widths, and the central portion has a central width that is

greater than at least one of the first and second widths.

6. The cushion of claim 1, wherein the central
and tubular walls are arcuate, such that central and tubular
portions have oval cross-sections along a plane that extends

widthwise and vertically.

7. The cushion of claim 6, wherein:

the central portion defines a central aspect ratio
of width to height that reaches a maximum of between about 2
and 4; and

the first tubular portion defines a first aspect

ratio of width to height of between about 0.75 and 1.5.

8. The cushion of claim 1, wherein at least one
of the tubular and central walls has ribs extending widthwise
thereacross configured and dimensioned for increasing wall

stiffness.

9. The cushion of claim 8, wherein the at least
one of the tubular and central walls has a substantially
uniform thickness and defines grooves on a side thereof
extending generally widthwise thereacross, the grooves
defining the ribs on an opposite side of the at least one of

the tubular and central walls.

10. The cushion of claim 1, wherein the central
and tubular walls are of unitary construction from a single

piece of molded plastic material.
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11. The cushion of claim 1, wherein the tubular
portions are vertically stiffer than the central portion for

stabilizing the wearer's foot towards the central portion.

12. The cushion of claim 1, wherein air enclosed
within the central and tubular portions is at substantially

atmospheric pressure.

13. A cushion for use in a shoe sole, the cushion
comprising:

resilient load-bearing first and second hollow
tubular walls configured for supporting and cushioning edges
of a shoe wearer's foot and respectively forming first and
second tubular portions, one of the tubular portions
extending generally along a lateral side of the wearer's foot
and the other extending generally along a medial side of the
wearer's foot;

a resilient load-bearing central wall configured
for supporting and cushioning a widthwise central part of the
foot, the central wall forming a hollow central portion and
being disposed between and joined with the first and second
tubular portions; and

a coupling portion associated with the central and
first walls for coupling the central and first walls such
that vertical deformation of one of the central and first

walls is transmitted to the other.

14. The cushion of claim 13, wherein:

the central and first walls include vertically
spaced elevated sections; and

the coupling portion having a vertically spaced
coupling walls, at least one of the coupling walls joining
together at least one coupled pair of walls consisting of the

elevated walls that are adjacent each other such that
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vertical deformation is transmitted through the coupling
walls between the coupled pair of walls of the central

portion and first tubular portion.

15. The cushion of claim 13, further comprising a
recessed portion joining the central portion and first
tubular portibn such that vertical deformation is
substantially isolated between sections of the central

portion and first tubular portion that are disposed adjacent
the recessed portion.

16. The cushion of claim 13, wherein the coupling
portion is configured and dimensioned for placement along a

strike path of the wearer's foot.

17. The cushion of claim 13, wherein the coupling
portion is configured and dimensioned for placement in a heel

strike area of the wearer's foot.

18. The cushion of claim 17, wherein the coupling
portion is disposed laterally with respect to a longitudinal

centerline that extends through the wearer's heel.

19. The cushion of claim 13, wherein the coupling
portion is disposed off-center widthwise with respect to the

cushion.

20. A cushion for use in a shoe sole, the cushion
comprising:

resilient load-bearing first and second hollow
tubular walls configured for supporting and cushioning edges
of a shoe wearer's heel and respectively forming first and
second tubular portions, one of the tubular portions

extending generally along a lateral side of the wearer's heel
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and the other extending generally along a medial side of the
wearer's heel; and

a resilient load-bearing central wall configured
for supporting and cushioning a widthwise central part of the
heel, the central wall forming a hollow central portion and
being disposed between and joined with the first and second

tubular portions.

21. The cushion of claim 20, wherein one of the
tubular portions extends along a rear edge of the wearer's

heel for supporting a rear edge of the wearer's heel.

22. The cushion of claim 21, wherein the tubular
portions are joined at a rear section of the wearer's heel
such that the first and second tubular portions together form
a single tubular portion that extends substantially
continuously along substantially an entire contour of the

wearer's heel.

23. The cushion of claim 20, wherein the central
portion is joined to the tubular portions at a rear part of

the central portion.

24. The cushion of claim 20, wherein the central
and tubular walls define a lower surface that slopes upwards
from the horizontal at a rear section beneath the wearer's
heel.

25. A shoe sole comprising:
a midsole that includes the cushion of claim 1; and
an outsole mounted below the midsole for contacting

the ground.

26. A shoe sole comprising:
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a midsole that includes the cushion of claim 13;
and

an outsole mounted below the midsole for contacting

the ground.

27. A shoe sole comprising:

a midsole that includes the cushion of claim 20;

and

an outsole mounted below the midsole for contacting

the ground.
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