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(57) ABSTRACT

The invention relates to all forms of footwear and orthotics, as
well as any other products benefiting from increased flexibil-
ity, better resistance to shock and shear forces, and stable
support. More specifically, the invention incorporates a uni-
tary integral component with at least one internal (or mostly
internal) sipe, including slits or channels or grooves and any
other shape, including geometrically regular or non-regular,
such as anthropomorphic shapes, into a large variety of prod-
ucts using materials known in the art or their current or future
equivalent. Still more specifically, the internal sipe compo-
nent provides improved flexibility to products utilizing them,
as well as improved cushioning to absorb shock and/or shear
forces, while also improving stability of support, and there-
fore the siped devices can be used in any existing product that
provides or utilizes flexibility, cushioning, or stability.
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DEVICES WITH AN INTERNAL
FLEXIBILITY SLIT, INCLUDING FOR
FOOTWEAR

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of the following Provi-
sional Patent Applications by the present inventor: Ser. Nos.
60/629,384 filed Nov. 22, 2004; 60/629,385 filed Nov. 22,
2004; 60/629,523 filed Nov. 22, 2004; 60/633,664 filed Dec.
6,2004; 60/634,781 filed Dec. 9, 2004; 60/634,782 filed Dec.
9, 2004; 60/672,407 filed Apr. 18, 2005; 60/677,538 filed
May 4, 2005; 60/679,182 filed May 9, 2005; and 60/700,179
filed Jul. 18, 2005.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to all forms of footwear, including
street and athletic, as well as any other products benefiting
from increased flexibility, better resistance to shock and shear
forces, and stable support. More particularly, the invention
incorporates devices as a unitary integral component with at
least one internal (or mostly internal) sipe, including slits or
channels or grooves and any other shape, including geometri-
cally regular or non-regular, such as anthropomorphic shapes,
into a large variety of products including footwear using
materials known in the art or their current or future equivalent.
Still more particularly, the unitary internal sipe component
provides improved flexibility to products utilizing them, as
well as improved cushioning to absorb shock and/or shear
forces, while also improving stability of support, and there-
fore the siped devices can be used in any existing product that
provides or utilizes cushioning. These products include foot-
wear and orthotics; athletic, occupational and medical equip-
ment and apparel; padding or cushioning, such as for equip-
ment and furniture; balls; tires; and any other structural or
support elements in a mechanical, architectural or any other
device. Still more particularly, the integral component with at
least one sipe can include a media such as a lubricant or glue
of'any useful characteristic such as viscosity or any material,
including a magnetorheological fluid.

The invention further relates to at least one chamber or
compartment or bladder surrounded, partially or completely,
by at least one internal (or mostly internal) sipe for use in any
footwear soles or uppers, or orthotic soles or uppers, and for
other flexibility, cushioning, and support uses in athletic
equipment like helmets and apparel including protective pad-
ding and guards, as well as medical protective equipment and
apparel, and other uses, such as protective flooring, improved
furniture cushioning, balls and tires for wheels, and many
other uses.

The internal sipe integral component invention further can
be usefully combined with the applicant’s prior footwear
inventions described in this application, including removable
midsole structures and orthotics and chambers with con-
trolled variable pressure, including control by computer.

2. Brief Description of the Prior Art

Existing devices are generally much less flexible than
would be optimal, especially products for human (or animal)
users, whose non-skeletal anatomical structures like bare foot
soles generally remain flexible even under significant pres-
sure, whereas the products interfacing directly with them are
often much more rigid.

Taking footwear soles as one example, cushioning ele-
ments like gas bladders or chambers or compartments are
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typically fixed directly in other midsole foam plastic material
to form a structure that is much more rigid than the sole of the
human wearer’s bare foot. As a result, the support and cush-
ioning of the bare foot are seriously degraded when shod in
existing footwear, since the relatively rigid shoe sole drasti-
cally alters by obstructing the way in which the bare foot
would otherwise interact with the ground underneath a
wearer. The natural interface is interrupted.

The use of external sipes—that is, sipes in the form of slits
or channels that are open to an outside surface, particularly a
ground-contracting surface—to provide flexibility in foot-
wear soles has been fully described by the applicant in prior
applications, including the examples shown in FIGS. 55A-
55C, 56, 57, and 73A-73D. Such external sipes principally
provide flexibility to the footwear sole by providing the capa-
bility of the opposing surfaces of the sipe to separate easily
from each other. External sipes are structurally unlike natural
anatomical structures (since to be effective, they must be
much deeper than surface skin texture like finger prints, the
closest anatomical analogy), however, and tend to introduce
significant instability by creating excessive shoe sole edge
weakness adjacent the sipes, while also collecting debris in
the sipes, both seriously reducing their performance. In addi-
tion, the optimal pattern and depth of such sipes is difficult to
ascertain directly and tends to be a trial and error process
guided by guessing, rather than the much easier procedure of
following the design of the anatomical structure with which it
is intended to interface to create natural flexibility.

The use of a integral component with internal sipes in
footwear soles like those described in this application over-
come the problems of external sipes noted above and are
naturally more optimal as well, since they more closely par-
allel structurally the anatomical structures of the wearer’s
bare foot sole. As one example, simply enveloping the outer
surface of existing cushioning devices like gas bladders or
foamed plastic EVA or PU with a new outer layer of material
that is unattached (or at least partially unattached) thereby
creates an internal sipe between the inner surface of the new
compartment and the outer surface of the existing bladder/
midsole component, allowing the two surfaces to move rela-
tive to each other rather than being fixed to each other. Espe-
cially in the common form of a slit structure seen in many
example embodiments, the flexibility of the internal sipe is
provided by this relative motion between opposing surfaces
that in many the example embodiments are fully in contact
with each other, again in contract to the separating surfaces of
external sipes; such surface contact is, of course, exclusive of
any internal sipe media, which can be used as an additional
enhancement, in contrast to the flexibility-obstructing debris
often clogging external sipes. As a result, the footwear sole in
which at least one integral internal sipe component is incor-
porated becomes much more flexible, much more like the
wearer’s bare foot sole itself, so that foot sole can interact
with the ground naturally. The resulting footwear sole with
internal sipes has improved, natural flexibility, improved
cushioning from shock and shear forces, and better, more
natural stable support.

A limited use of internal sipes has also been described by
the applicant in prior applications, including the examples
shown in FIGS. 12A-12D, 60A-60E, and 70-71, which are
generally unglued portions coinciding with lamination layer
boundaries, such as between bottomsole and midsole layers.
This approach requires completely new and somewhat diffi-
cult approaches in the assembly of the footwear sole during
manufacture, as well as significantly greater potential for
problems of layer separation (especially bottom sole) since
the inherent reduction in gluing surfaces makes the remaining
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gluing surfaces critical and under increased load; signifi-
cantly increased positional accuracy in the application of glue
is required. Also, the use of lubricating media (and the poten-
tial control thereof, including by microprocessor) is also more
difficult, since the sipe is formed by existing parts and is not
discretely enclosed with the new outer layer to contain the
media, as it is in the new invention described in this applica-
tion.

In contrast, the new invention of this application is a dis-
crete device in the form of an integral component that can
easily be inserted as a single simple step into the footwear sole
during the manufacturing process or, alternatively, inserted in
one single simple step by a wearer (into the upper portion of
a midsole insert, for example, much like inserting an insole
into an shoe), for whom the new extra layer provides bufter-
ing protection for the wearer from direct, potentially abrasive
contact with a cushioning component (forming a portion of
the inner, foot sole-contacting surface of the shoe sole, for
example).

In addition, the new invention allows easier and more
effective containment of a lubricating media (including
media with special capabilities, like magnetorheological
fluid) within the integral internal sipe, so that the relative
motion between inner surfaces of the sipe can be controlled
by that media (and, alternatively, by direct computer control);
it avoids the need for the use of closed-cell midsole materials
or a special impermeable layer applied to the footwear sole
material to prevent the sipe media from leaking away.

Accordingly, it is a general object of one or more embodi-
ments of the invention to elaborate upon the application of the
use of a device in the form of an integral component with one
or more internal sipes to improve the flexibility, cushioning,
and stability of footwear and other products.

It is still another object of one or more embodiments of the
invention to provide footwear having an integral component
with at least one internal (or mostly internal) sipes, including
slits or channels or grooves and any other shape, including
geometrically regular or non-regular, such as anthropomor-
phic shapes, to improve flexibility, cushioning and stability. It
is still another object of one or more embodiments of the
invention to include an integral device with one or more
internal sipes that include a media such as a lubricant or glue
of'any useful characteristic such as viscosity or any material,
including a magnetorheological fluid.

It is another object of one or more embodiments of the
invention to create a shoe sole with flexibility, support and
cushioning that is provided by siped chambers or compart-
ments or bladders in the footwear sole or upper or orthotics.
The compartments or chambers or bladders are surrounded,
partially or completely, by at least one internal (or mostly
internal) sipe for use in any footwear soles or uppers, or
orthotic soles or uppers, and for other flexibility, cushioning,
and stability uses in athletic equipment like helmets and
apparel including protective padding and guards, as well as
medical protective equipment and apparel, and other uses,
such as protective flooring, improved furniture cushioning,
balls and tires for wheels, and many other uses.

It is another object of one or more embodiments of the
invention to create footwear, orthotic or other products with at
least one outer chamber; at least one inner chamber inside the
outer chamber; the outer chamber and the inner chamber
being separated at least in part by an internal sipe; at least a
portion of an inner surface of the outer chamber forming at
least a portion of an inner surface of the internal sipe; and the
internal sipe providing increased flexibility, cushioning, and
stability for the footwear, orthotic or other product.
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A further object of one or more embodiments of the inven-
tion is to combine the integral component with at least one
internal sipe with the applicant’s prior footwear inventions
described in this application, including removable midsole
structures and orthotics and chambers with controlled vari-
able pressure, including control by computer.

These and other objects of the invention will become
apparent from the summary and detailed description of the
invention, which follow, taken with the accompanying draw-
ings.

SUMMARY OF THE INVENTION

In one aspect the present invention attempts, as closely as
possible, to replicate the naturally effective structures of the
bare foot that provide flexibility, cushioning, and stable sup-
port. More specifically, the invention relates to a device for a
footwear sole or upper or both, or an orthotic or orthotic upper
or both, or other, non-footwear devices, including a unitary
internal sipe component, said internal sipe providing
increased flexibility for said device. More specifically, the
invention relates to an integral component with at least one
sipe with a media such as a lubricant or glue of any useful
characteristic such as viscosity or any material, including a
magnetorheological fluid.

Even more specifically, the invention relates to footwear or
orthotics or other products with at least one compartment or
chamber or bladder surrounded, partially or completely, by at
least one internal (or mostly internal) sipe for use in any
footwear soles or uppers, or orthotic soles or uppers, and for
other flexibility, cushioning, and stability uses. Even more
specifically, the invention relates to footwear, orthotic or
other products with at least one outer chamber; at least one
inner chamber inside the outer chamber; the outer chamber
and the inner chamber being separated at least in part by an
internal sipe; at least a portion of an inner surface of the outer
chamber forming at least a portion of an inner surface of the
internal sipe; and the internal sipe providing increased flex-
ibility, cushioning, and stability for the footwear, orthotic or
other product.

These and other features of the invention will become
apparent from the detailed description of the invention that
follows.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1-82 are prior art from the applicant’s earlier appli-
cations and are FIGS. 1-82 inthe applicant’s PCT Application
No. PCT/US01/13096, published by WIPO as WO 01/80678
A2 on 1 Nov. 2001. FIGS. 83-107 are new with this applica-
tion. FIGS. 108-119 are prior art.

FIG. 1 is a perspective view of a prior art conventional
athletic shoe to which the present invention is applicable.

FIG. 2 illustrates in a close-up frontal plane cross-section
of'the heel at the ankle joint the typical shoe known in the art
that does not deform as a result of body weight when tilted
sideways on the bottom edge.

FIG. 3 shows, in the same close-up cross-section as FIG. 2,
a naturally rounded shoe sole design also tilted sideways.

FIG. 4 shows a rear view of a barefoot heel tilted laterally
20 degrees.

FIG. 5A shows, in a frontal plane cross-section at the ankle
joint area of the heel, tension stabilized sides applied to a
naturally rounded shoe sole.

FIG. 5B shows a close-up of a second embodiment of
tension stabilized sides.
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FIG. 6 shows, in a frontal plane cross-section, the FIG. 5§
design when tilted to its edge but undeformed by load.

FIG. 7 shows, in frontal plane cross-section at the ankle
joint area of the heel, the FIG. 5 design when tilted to its edge
and naturally deformed by body weight.

FIG. 8 is a sequential series of frontal plane cross-sections
of the barefoot heel at the ankle joint area.

FIG. 8A is an unloaded and upright barefoot heel.

FIG. 8B is a heel moderately loaded by: full body weight
and upright.

FIG. 8Cis aheavily loaded heel at peak landing force while
running and upright.

FIG. 8D is heavily loaded heel shown tilted out laterally by
about 20 degrees, the maximum tilt for the heel.

FIGS. 9A-9D show a sequential series of frontal plane
cross-sections of a shoe sole design of the heel at the ankle
joint area that corresponds exactly to the FIG. 8 series
described above.

FIG. 10 shows two perspective views and a close-up view
of a part of a shoe sole with a structure like the fibrous
connective tissue of the groups of fat cells of the human heel.

FIG. 10A shows a quartered section of a shoe sole with a
structure comprising elements corresponding to the calca-
neus with fat pad chambers below it.

FIG. 10B shows a horizontal plane close-up of the inner
structures of an individual chamber of a shoe sole.

FIG. 10C shows a horizontal section of a shoe sole with a
structure corresponding to the whorl arrangement off fat pads
underneath the calcaneus.

FIGS. 11A-11B are frontal plane cross-sectional views
showing different variations of removable midsole inserts in
accordance with the present invention.

FIG. 11C shows a shoe sole with the removable midsole
insert removed.

FIG. 11D is an exploded view of an embodiment of a
removable midsole insert in accordance with the present
invention.

FIG. 11E is a cross-sectional view showing a snap-fit
arrangement for releasably securing the removable midsole
insert.

FIG. 11F is a cross-sectional view of an embodiment that
employs interlocking geometries for releasably securing the
removable midsole insert of the present invention.

FIG. 11G is a frontal plane cross-section of a forefoot
section removable midsole formed with an asymmetric side
height.

FIGS. 11H-11J show other frontal plane sections of the
removable midsole insert along the lines in FIG. 11L.

FIG. 11K shows a sagittal plane section of the shoe sole of
FIGS. 11G-111 and 11L.

FIG. 11L shows a horizontal plane top view of the shoe sole
of FIGS. 11G-11K.

FIG. 11M-110 are frontal plane cross-sectional views
showing three variations of mid sole sections with one or
more pressure controlled encapsulated midsole sections and a
control system such as a microprocessor.

FIG. 11P is an exploded view of an embodiment of a
removable midsole with pressure controlled encapsulated
midsole sections and a control system such as a microproces-
sor.

FIGS. 11Q and 11R are frontal plane cross-sectional views
showing two variations of the removable midsole insert with
a thin outer sole layer.

FIG. 118 shows the interface between the bottomsole and
the secondary bottomsole.

FIG. 11T is a schematic representation of suitable pressure
sensing circuitry for use in the present invention.
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FIG. 11U is a schematic representation of a control system
that may be employed in the present invention.

FIG. 11V shows an embodiment of the present invention
that employs mechanical fasteners to releasably secure the
removable midsole insert in place.

FIGS. 12A-12C show a series of conventional shoe sole
cross-sections in the frontal plane at the heel utilizing both
sagittal plane and horizontal plane sipes, and in which some
or all of the sipes do not originate from any outer shoe sole
surface, but rather are entirely internal

FIG. 12D shows a similar approach as is shown in FIGS.
12A-12C applied to the fully rounded design.

FIGS. 13A-13B show, in frontal plane cross-section at the
heel area, shoe sole structures similar to those shown in FIGS.
5A-B, but in more detail and with the bottom sole extending
relatively farther up the side of the midsole.

FIG. 14 shows, in frontal plane cross-section at the heel
portion of a shoe, a shoe sole with naturally rounded sides
based on a theoretically ideal stability plane.

FIG. 15 shows, in frontal plane cross-section, the most
general case of a fully rounded shoe sole that follows the
natural contour of the bottom of the foot as well as its sides,
also as based on the theoretically ideal stability plane.

FIGS. 16 A-16C show, in frontal plane cross-section at the
heel, a quadrant-sided shoe sole, based on a theoretically
ideal stability plane.

FIG. 17 shows a frontal plane cross-section at the heel
portion of a shoe with naturally rounded sides like those of
FIG. 14, wherein a portion of the shoe sole thickness is
increased beyond the theoretically ideal stability plane.

FIG. 18 is a view similar to FIG. 17, but of a shoe with fully
rounded sides wherein the sole thickness increases with
increasing distance from the center line of the ground-con-
tacting portion of the sole.

FIG. 19 is a view similar to FIG. 18 where the fully rounded
sole thickness variations are continually increasing on each
side.

FIG. 20 is a view similar to FIGS. 17-19 wherein the sole
thickness varies in diverse sequences.

FIG. 21 is a frontal plane cross-section showing a density
variation in the midsole.

FIG. 22 is a view similar to FIG. 21 wherein the firmest
density material is at the outermost edge of the midsole.

FIG. 23 is a view similar to FIGS. 21 and 22 showing still
another density variation that is asymmetrical.

FIG. 24 shows a variation in the thickness of the sole for the
quadrant-sided shoe sole embodiment of FIGS. 16 A-16C that
is greater than a theoretically ideal stability plane.

FIG. 25 shows a quadrant-sided embodiment as in FIG. 24
wherein the density of the sole varies.

FIG. 26 shows a bottom sole tread design that provides a
similar density variation to that shown in FIG. 23.

FIGS. 27A-27C show embodiments similar to those shown
in FIGS. 14-16, but wherein a portion of the shoe sole thick-
ness is decreased to less than the theoretically ideal stability
plane.

FIGS. 28A-28F show embodiments of the invention with
shoe sole sides having thicknesses both greater and lesser
than the theoretically ideal stability plane.

FIG. 29 is a frontal plane cross-section showing a shoe sole
of'uniform thickness that conforms to the natural shape of the
human foot.

FIGS. 30A-30D show a load-bearing flat component of a
shoe sole and a naturally rounded side component as well as
a preferred horizontal periphery of the flat load-bearing por-
tion of the shoe sole.
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FIGS. 31A-31B are diagrammatic sketches showing a
rounded side sole design according to the invention with
variable heel lift.

FIG. 32 is a side view of a stable rounded shoe sole accord-
ing to the invention.

FIG. 33A is a cross-sectional view of the forefoot portion
of a shoe sole taken along line 33A of FIGS. 32 and 33D.

FIG. 33B is a cross-sectional view taken along line 33B of
FIGS. 32 and 33D.

FIG. 33C is a cross-sectional view of the heel portion taken
along line 33C in FIGS. 32 and 33D. FIG. 33D is a top view
of the shoe sole shown in FIG. 32

FIGS. 34A-34D are frontal plane cross-sectional views of
a shoe sole according to the invention showing a theoretically
ideal stability plane and truncations of the sole side contoured
to reduce shoe bulk.

FIGS. 35A-35C show a contoured sole design according to
the invention when applied to various tread and cleat patterns.

FIG. 36 is a diagrammatic frontal plane cross-sectional
view of static forces acting on the ankle joint and its position
relative to a shoe sole according to the invention during nor-
mal and extreme inversion and eversion motion.

FIG. 37 is a diagrammatic frontal plane view of a plurality
of moment curves of the center of gravity for various degrees
of inversion for a shoe sole according to the invention con-
trasted with comparable motions of conventional shoes.

FIGS. 38 A-38F show a design with naturally rounded sides
extended to other structural contours underneath the load-
bearing foot such as the main longitudinal arch.

FIGS. 39A-39E illustrate a fully contoured shoe sole
design extended to the bottom of the entire non-load bearing
foot.

FIG. 40 shows a fully contoured shoe sole design abbrevi-
ated along the sides to only essential structural support and
propulsion elements.

FIGS. 41A-41B illustrate a street shoe with a correctly
contoured sole according to the invention and side edges
perpendicular to the ground.

FIGS. 42A-42D show several embodiments wherein the
bottom sole includes most or all of the special rounding of the
designs and retains a flat upper surface.

FIG. 43 is a rear view of a heel of a foot for explaining the
use of a stationary sprain simulation test.

FIG. 44 is a rear view of a conventional athletic shoe
unstably rotating about an edge of its sole when the shoe sole
is tilted to the outside.

FIGS. 45A-45C illustrate functionally the principles of
natural deformation as applied to the shoe soles of the inven-
tion.

FIG. 46 shows variations in the relative density of the shoe
sole including the shoe insole to maximize an ability of the
sole to deform naturally.

FIG. 47 shows a shoe having naturally rounded sides bent
inwardly from a conventional design so then when worn the
shoe approximates a custom fit.

FIGS. 48A-48] show a shoe sole having a fully contoured
design but having sides which are abbreviated to the essential
structural stability and propulsion elements and are combined
and integrated into discontinuous structural elements under-
neath the foot that simulate those of the foot.

FIG. 49 shows the theoretically ideal stability plane con-
ceptapplied to a negative heel shoe sole that is less thick in the
heel area than in the rest of the shoe sole, such as a shoe sole
comprising a forefoot lift.

FIG. 49A is a frontal plane cross-sectional view of the
forefoot portion taken along line 49A of FIG. 49D.
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FIG. 49B is a frontal plane cross-sectional view taken
along line 49B of FIG. 49D.

FIG. 49C is a frontal plane cross-sectional view of the heel
along line 49C of FIG. 49D.

FIG. 49D is a top view of the shoe sole with a thicker
forefoot section shown with cross-hatching.

FIGS. 50A-50E show a plurality of side sagittal plane
cross-sectional views of examples of negative heel sole thick-
ness variations (forefoot lift) to which the general approach
shown in FIGS. 49A-49D can be applied.

FIG. 51 shows the use of the theoretically ideal stability
plane concept applied to a flat shoe sole with no heel lift by
maintaining the same thickness throughout and providing the
shoe sole with rounded stability sides abbreviated to only
essential structural support elements.

FIG. 51A is a frontal plane cross-sectional view of the
forefoot portion taken along line 51A of FIG. 51D.

FIG. 51B is a frontal plane cross-sectional view taken
along line 51B of FIG. 51D.

FIG. 51C is a frontal plane cross-sectional view taken
along the heel along line 51C in FIG. 51D.

FIG. 51D is a top view of the shoe sole with sides that are
abbreviated to essential structural support elements shown
hatched. FIG. 51E is a sagittal plane cross-section of the shoe
sole of FIG. 51D.

FIG. 52 shows, in frontal plane cross-section at the heel, the
use of a high-density midsole material on the naturally
rounded sides and a low-density midsole material everywhere
else to reduce side width.

FIG. 53 shows the footprints of the natural barefoot sole
and shoe sole.

FIG. 53 A shows the foot upright with its sole flat on the
ground.

FIG. 53B shows the foot tilted out 20 degrees to about its
normal limit.

FIG. 53C shows a conventional shoe sole of the same size
when tilted out 20 degrees to the same position as FIG. 53B.
The right foot and shoe are shown.

FIG. 54 shows footprints like those shown in FIGS. 53A
and 53B of a right bare foot upright and tilted out 20 degrees,
but showing also their actual relative positions to each other
as a high arched foot rolls outward from upright to tilted out
20 degrees.

FIG. 55 shows a shoe sole with a lateral stability sipe in the
form of a vertical slit.

FIG. 55A is a top view of a conventional shoe sole with a
corresponding outline of the wearer’s footprint superimposed
onittoidentify the position of the lateral stability sipe relative
to the wearer’s foot.

FIG. 55B is a frontal plane cross-section of the shoe sole
with lateral stability sipe.

FIG. 55C is a top view like FI1G. 55A, but showing the print
of the shoe sole with a lateral stability sipe when it is tilted
outward 20 degrees.

FIG. 56 shows a medial stability sipe, analogous to the
lateral sipe, providing increased pronation stability. The head
of'the first metatarsal and the first phalange are included with
the heel to form a medial support section.

FIG. 57 shows footprints like FIG. 54, of a right bare foot
upright and tilted out 20 degrees, showing the actual relative
positions to each other as alow arched foot rolls outward from
upright to tilted out 20 degrees.

FIGS. 58A-D show the use of flexible and relatively inelas-
tic fiber in the form of strands, woven or unwoven (such as
pressed sheets), embedded in midsole and bottom sole mate-
rial.
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FIGS.59A-F show the use of flexible inelastic fiber or fiber
strands, woven or unwoven (such as pressed sheets) to make
an embedded capsule shell that surrounds the cushioning
compartment 161 containing a pressure-transmitting medium
like gas, gel, or liquid.

FIGS. 60A-D show the use of embedded flexible inelastic
fiber or fiber strands, woven or unwoven, in various embodi-
ments similar those shown in FIGS. 58A-D.

FIG. 60E shows a frontal plane cross-section of a fibrous
capsule shell 191 that directly envelops the surface of the
encapsulated midsole section 188.

FIG. 61A compares the footprint made by a conventional
shoe with the relative positions of the wearer’s right foot sole
in the maximum supination position 37a and the maximum
pronation position 374.

FIG. 61B shows an overhead perspective of the actual bone
structures of the foot that are indicated in FIG. 63C.

FIG. 62 compares a footprint made by a convention shoe
with the relative position of the wearer’s right foot sole in the
maximum supination position.

FIG. 63 shows an electronic image of the relative forces
present at the different areas of the bare foot sole when at the
maximum supination position shown as 37a in FIG. 61A; the
forces were measured during a standing simulation of the
most common ankle spraining position.

FIG. 64 shows on the right side an upper shoe sole surface
of'the rounded side that is complementary to the shape of the
wearer’s foot sole; on the left side FIG. 64 shows an upper
surface between complementary and parallel to the flat
ground and a lower surface of the rounded shoe sole side that
is not in contact with the ground.

FIG. 65 indicates the angular measurements of the rounded
shoe sole sides from zero degrees to 180 degrees.

FIGS. 66 A-66F show a shoe sole without rounded stability
sides.

FIGS. 67A-67E and 68 also show a shoe sole without
rounded stability sides.

FIGS. 69A-69D show additional variations of the naturally
rounded sides of the present invention.

FIG. 70 shows a bottomsole structure with forefoot, heel,
and base of the fifth metatarsal support areas.

FIG. 71 shows a similar structure to FIG. 70, but with only
the section under the forefoot unglued or not firmly attached.

FIG. 72 A shows a shoe sole combining additional stability
corrections 96a, 965, and 984', supporting the first and fifth
metatarsal heads and distal phalange heads.

FIG. 72B shows a shoe sole with symmetrical stability
additions 964 and 965.

FIGS. 73A-73D show in close-up sections of the shoe sole
including various new forms of sipes, including both slits and
channels.

FIG. 74 shows, in FIGS. 74A-74E, a plurality of side
sagittal plane cross-sectional views showing examples of
variations in heel lift thickness similar to those shown in
FIGS. 50A-E for the forefoot lift.

FIG. 75 shows, in FIGS. 75A-75C, a method, known from
the prior art, for assembling the midsole shoe sole structure of
the present invention.

FIG. 76 shows a frontal plane cross-section of a shoe sole
structure wherein one or more components are manufactured
by the method of the present invention.

FIG. 77 also shows a frontal plane cross-section of a shoe
sole structure wherein one or more components are manufac-
tured by the method of the present invention.

FIG. 78 illustrates, in FIGS. 78A-78E, the design and
manufacturing methods of the present invention using a series
of frontal plane cross-sections of shoe soles.
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FIG. 79 shows a method of establishing the radial shoe sole
thickness using a line perpendicular to a line tangent to a point
on the upper or lower surface of the shoe sole.

FIG. 80 shows a circle radius method of establishing the
shoe sole thickness.

FIG. 81 is a diagram of another method of measuring shoe
sole thickness.

FIG. 82 illustrates an embodiment wherein the stability
sides are determined geometrically as a section of a ring.

FIGS. 83-107 are new.

FIGS. 83A-86A show a frontal or sagittal plane cross sec-
tion view of an example of a device 510 such as a flexible
insert with a siped compartment or chamber or bladder.

FIGS. 83B-88B show a top view in a horizontal plane of a
device 510 example of FIGS. 83 A, 84A, 85A, 86A, 87A and
88A.

FIGS. 87A-88A show a frontal or sagittal plane cross sec-
tion view of an example of a device 510 such as a flexible
insert with two siped compartments or chambers or bladders
or combination.

FIG. 89 shows, in a frontal plane cross section in the heel
area, a shoe and shoe sole including a single siped compart-
ment 510.

FIG. 90 shows a similar embodiment and view to that
shown in FIG. 89, including also an attachment 503 between
500 and 501.

FIG. 91 shows a similar embodiment and view to that
shown in FIG. 89, including also an inner compartmen