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SHOE SOLE STRUCTURES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 11/179,887, filed on Jul. 12, 2005 now U.S. Pat.
No. 7,334,356, which, in turn, is a divisional of U.S. patent
application Ser. No. 10/255,254, filed on Sep. 26, 2002, now
U.S. Pat. No. 6,918,197, which, in turn, is a divisional of U.S.
patent application Ser. No. 08/479,776, filed on Jun. 7, 1995,
now U.S. Pat. No. 6,487,795, which, in turn, is a continuation
of U.S. patent application Ser. No. 07/926,523, filed on Aug.
10, 1992, now abandoned.

BACKGROUND OF THE INVENTION

This invention relates generally to the structure of foot-
wear. More specifically, this invention relates to the structure
of athletic shoe soles that copy the underlying support, sta-
bility and cushioning structures of the human foot. Still more
particularly, this invention relates to the use of relatively
inelastic and flexible fiber within the material of the shoe sole
to provide both flexibility and firmness under load-bearing
pressure. It also relates to the use of sipes, particularly those
that roughly parallel the foot sole of the wearer in frontal
plane cross sections, contained within the shoe sole under the
load-bearing structures of the wearer’s foot to provide the
firmness and flexibility to deform to flatten under weight-
bearing loads in parallel with the wearer’s foot sole. Finally,
it relates to providing additional shoe sole width to support
those areas identified as mandatory to maintaining the natu-
rally firm lateral and medial support of the wearer’s foot sole
during extreme sideways motion while load-bearing.

This application is built upon the applicant’s earlier U.S.
applications, especially including Ser. No. 07/463,302, filed
Jan. 10, 1990. That earlier application showed that natural
stability is provided by attaching a completely flexible but
relatively inelastic shoe sole upper directly to the bottom sole,
enveloping the sides of the midsole, instead of attaching it to
the top surface of the shoe sole. Doing so puts the flexible side
of the shoe upper under tension in reaction to destabilizing
sideways forces on the shoe causing it to tilt. That tension
force is balanced and in equilibrium because the bottom sole
is firmly anchored by body weight, so the destabilizing side-
ways motion is neutralized by the tension in the flexible sides
of'the shoe upper. Still more particularly, this invention relates
to support and cushioning which is provided by shoe sole
compartments filled with a pressure-transmitting medium
like liquid, gas, or gel. Unlike similar existing systems, direct
physical contact occurs between the upper surface and the
lower surface of the compartments, providing firm, stable
support. Cushioning is provided by the transmitting medium
progressively causing tension in the flexible and relatively
inelastic sides of the shoe sole. The compartments providing
support and cushioning are similar in structure to the fat pads
of the foot, which simultaneously provide both firm support
and progressive cushioning.

Existing cushioning systems cannot provide both firm sup-
port and progressive cushioning without also obstructing the
natural pronation and supination motion of the foot, because
the overall conception on which they are based is inherently
flawed. The two most commercially successful proprietary
systems are Nike Air, based on U.S. Pat. Nos. 4,219,945
issued Sep. 2, 1980, 4,183,156 issued Sep. 15, 1980, 4,271,
606 issued Jun. 9, 1981, and 4,340,626 issued Jul. 20, 1982;
and Asics Gel, based on U.S. Pat. No. 4,768,295 issued Sep.
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6, 1988. Both of these cushioning systems and all of the other
less popular ones have two essential flaws.

First, all such systems suspend the upper surface of the
shoe sole directly under the important structural elements of
the foot, particularly the critical the heel bone, known as the
calcaneus, in order to cushion it. That is, to provide good
cushioning and energy return, all such systems support the
foot’s bone structures in buoyant manner, as if floating on a
water bed or bouncing on a trampoline. None provide firm,
direct structural support to those foot support structures; the
shoe sole surface above the cushioning system never comes in
contact with the lower shoe sole surface under routine loads,
like normal weight-bearing. In existing cushioning systems,
firm structural support directly under the calcaneus and pro-
gressive cushioning are mutually incompatible. In marked
contrast, it is obvious with the simplest tests that the barefoot
is provided by very firm direct structural support by the fat
pads underneath the bones contacting the sole, while at the
same time it is effectively cushioned, though this property is
underdeveloped in habitually shoe shod feet.

Second, because such existing proprietary cushioning sys-
tems do not provide adequate control of foot motion or sta-
bility, they are generally augmented with rigid structures on
the sides of the shoe uppers and the shoe soles, like heel
counters and motion control devices, in order to provide
control and stability. Unfortunately, these rigid structures
seriously obstruct natural pronation and supination motion
and actually increase lateral instability, as noted in the appli-
cant’s U.S. application Ser. Nos. 07/219,387, filed on Jul. 15,
1988, 07/239,667, filed on Sep. 2, 1988; 07/400,714, filed on
Aug. 30, 1989; 07/416,478, filed on Oct. 3, 1989; 07/424,509,
filed on Oct. 20, 1989; 07/463,302, filed on Jan. 10, 1990;
07/469,313, filed on Jan. 24, 1990; 07/478,579, filed Feb. 8,
1990, 07/539,870, filed Jun. 18, 1990; 07/608,748, filed Nov.
5,1990;07/680,134, filed Apr. 3, 1991; 07/686,598, filed Apr.
17, 1991; and 07/783,145, filed Oct. 28, 1991, as well as in
PCT and foreign national applications based on the preceding
applications. The purpose of the inventions disclosed in these
applications was primarily to provide a neutral design that
allows for natural foot and ankle biomechanics as close as
possible to that between the foot and the ground, and to avoid
the serious interference with natural foot and ankle biome-
chanics inherent in existing shoes.

In marked contrast to the rigid-sided proprietary designs
discussed above, the barefoot provides stability at it sides by
putting those sides, which are flexible and relatively inelastic,
under extreme tension caused by the pressure of the com-
pressed fat pads; they thereby become temporarily rigid when
outside forces make that rigidity appropriate, producing none
of the destabilizing lever arm torque problems of the perma-
nently rigid sides of existing designs.

The applicant’s new invention simply attempts, as closely
as possible, to replicate the naturally effective structures of
the foot that provide stability, support, and cushioning. This
application is also built on the applicant’s earlier U.S. appli-
cation Ser. No. 07/539,870, filed Jun. 18, 1990. That earlier
application related to the use of deformation sipes such as slits
or channels in the shoe sole to provide it with sufficient
flexibility to parallel the frontal plane deformation of the foot
sole, which creates a stable base that is wide and flat even
when tilted sideways in natural pronation and supination
motion.

The applicant has introduced into the art the use of sipes to
provide natural deformation paralleling the human foot in
U.S. application Ser. Nos. 07/424,509, filed Oct. 20, 1989,
and 07/478,579, filed Feb. 8, 1990. It is the object of this
invention to elaborate upon those earlier applications to apply
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their general principles to other shoe sole structures, includ-
ing those introduced in other earlier applications.

By way of introduction, the prior two applications elabo-
rated almost exclusively on the use of sipes such as slits or
channels that are preferably about perpendicular to the hori-
zontal plane and about parallel to the sagittal plane, which
coincides roughly with the long axis of the shoe; in addition,
the sipes originated generally from the bottom of the shoe
sole. The *870 application elaborated on use of sipes that
instead originate generally from either or both sides of the
shoe sole and are preferably about perpendicular to the sag-
ittal plane and about parallel to the horizontal plane; that
approach was introduced in the *509 application. The *870
application focused on sipes originating generally from either
or both sides of the shoe sole, rather than from the bottom or
top (or both) of the shoe sole, or contained entirely within the
shoe sole.

The applicant’s prior application on the sipe invention and
the elaborations in this application are modifications of the
inventions disclosed and claimed in the earlier applications
and develop the application of the concept of the theoretically
ideal stability plane to other shoe structures. Accordingly, itis
a general object of the new invention to elaborate upon the
application of the principle of the theoretically ideal stability
plane to other shoe structures.

Accordingly, it is a general object of this invention to
elaborate upon the application of the principle of the natural
basis for the support, stability and cushioning of the barefoot
to shoe structures.

It is still another object of this invention to provide a foot-
wear using relatively inelastic and flexible fiber within the
material of the shoe sole to provide both flexibility and firm-
ness under load-bearing pressure.

It is still another object of this invention to provide foot-
wear that uses sipes, particularly those that roughly parallel
the foot sole of the wearer in frontal plane cross sections,
contained within the shoe sole under load-bearing foot struc-
tures to provide the firmness and flexibility to deform to
flatten under weight-bearing loads in parallel with the wear-
er’s foot sole.

It is another object of this invention to provide additional
shoe sole width to support those areas identified as most
critical to maintaining the naturally firm lateral and medial
support of the wearer’s foot sole during extreme sideways
motion while load-bearing.

These and other objects of the invention will become
apparent from a detailed description of the invention which
follows taken with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1-10 are from the applicant’s U.S. application Ser.
No. 07/463,302, filed 10 Jan. 1990, with several minor tech-
nical corrections.

FIG. 1 is a perspective view of a typical athletic shoe for
running known to the prior art to which the invention is
applicable.

FIG. 2 illustrates in a close-up frontal plane cross section of
the heel at the ankle joint the typical shoe of existing art,
undeformed by body weight, when tilted sideways on the
bottom edge.

FIG. 3 shows, in the same close-up cross section as FIG. 2,
the applicant’s prior invention of a naturally contoured shoe
sole design, also tilted out.

FIG. 4 shows a rear view of a barefoot heel tilted laterally
20 degrees.
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FIG. 5 shows, in a frontal plane cross section at the ankle
joint area of the heel, the applicant’s new invention of tension
stabilized sides applied to his prior naturally contoured shoe
sole.

FIG. 6 shows, in a frontal plane cross section close-up, 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, though constant shoe
sole thickness is maintained undeformed.

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

FIG. 8A is unloaded and upright;

FIG. 8B is moderately loaded by full body weight and
upright;

FIG. 8C is heavily loaded at peak landing force while
running and upright; and

FIG. 8D is heavily loaded and tilted out laterally to its about
20 degree maximum.

FIG. 9 is the applicant’s new shoe sole design in a sequen-
tial series of frontal plane cross sections of the heel at the
ankle joint area that corresponds exactly to the FIG. 8 series
above.

FIG. 10 is two perspective views and a close-up view of the
structure of fibrous connective tissue of the groups of fat cells
of'the human heel FIG. 10A shows a quartered section of the
calcaneus and the fat pad chambers below it; FIG. 10B shows
a horizontal plane close-up of the inner structures of an indi-
vidual chamber; FIG. 10C shows a cross section of the cal-
caneus and the associated elastic fibrous connective tissue.

FIGS. 11A-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. FIG. 11A is a modification of FIG. 5A, FIG. 11B is FIG.
6 modified, and FIG. 11C is FIG. 7 modified.

FIGS. 12A-D are FIGS. 9A-D modified to show the use of
flexible inelastic fiber or fiber strands, woven or unwoven
(such as pressed) to make an embedded capsule shell that
surrounds the cushioning compartment 161 containing a
pressure-transmitting medium like gas, gel, or liquid; FIG.
12E shows the use of a fibrous capsule shell that directly
envelopes the surface of a cushioning compartment and FIG.
12F shows an upper surface and lower surface containing the
cushioning compartment.

FIGS. 13A-D are FIGS. 9A-D of the ’870 application
similarly modified to show the use of embedded flexible
inelastic fiber or fiber strands, woven or unwoven, in various
embodiments similar those shown in FIGS. 11A-D.

FIG. 13 E is a new figure showing a frontal plane cross
section of a fibrous capsule shell 191 that directly envelopes
the surface of the midsole section 188.

FIGS. 14A-B show, in frontal plane cross section at the
heel area, shoe sole structures like FIGS. 5A-B, but in more
detail and with the bottom sole 149 extending relatively far-
ther up the side of the midsole.

FIG. 15 shows a perspective view (the outside of a right
shoe) of a conventional flat shoe 20 with the FIG. 14A design
for attachment of the shoe sole bottom to the shoe upper.

FIGS. 16A-D are FIGS. 9A-D of the applicant’s U.S.
application Ser. No. 07/539,870 filed 18 June 1990, with
several minor technical corrections, and 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 inter-
nal; FIG. 16D shows a similar approach applied to the appli-
cant’s fully contoured design.



US 7,546,699 B2

5

FIG. 17 is FIG. 6C of the *870 application showing a
frontal plane cross section at the heel of a conventional shoe
with a sole that utilizes both horizontal and sagittal plane slits;
FIG. 17 shows other conventional shoe soles with other varia-
tions of horizontal plane deformation slits.

FIG. 18 shows the upper surface of the bottom sole 149
(unattached) of the right shoe shown in perspective in FIG.
15.

FIG. 19 shows the FIG. 18 bottom sole structure 149 with
forefoot support area 126, the heel support area 125, and the
base of'the fifth metatarsal support area 97. Those areas would
be unglued or not firmly attached as indicated in the FIG. 14
design shown preceding, while the sides and the other areas of
the bottom sole upper surface would be glued or firmly
attached to the midsole and shoe upper.

FIG. 20 shows a similar bottom sole structure 149, but with
only the forefoot section 126 unglued or not firmly attached,
with all (or at least most) the other portions glued or firmly
attached.

FIG. 21 shows a similar bottom sole structure 149, but with
both the fore foot section 126 and the base of the fifth meta-
tarsal section 97 unglued or not firmly attached, with all other
portions (or at least most) glued or firmly attached.

FIG. 22 shows a similar view of a bottom sole structure
149, but with no side sections, so that the design would be like
that of FIG. 17.

FIG. 23 shows a similar structure to FIG. 22, but with only
the section under the forefoot 126 unglued or not firmly
attached; the rest of the bottom sole 149 (or most of it) would
be glued or firmly attached.

FIG. 24 shows a similar structure to FIG. 23, but with the
forefoot area 126 subdivided into an area under the heads of
the metatarsals and another area roughly under the heads of
the phalanges.

FIG. 25 shows a similar structure to FIG. 24, but with each
of the two major forefoot areas further subdivided into indi-
vidual metatarsal and individual phalange.

FIG. 26 shows a similar structure to FIG. 20, but with the
forefoot area 126 enlarged beyond the border 15 of the flat
section of the bottom sole. This structure corresponds to that
shown in FIGS. 14A-B.

FIG. 27 shows a similar structure to FIG. 26, but with an
additional section 127 in the heel area where outer sole wear
is typically excessive.

FIGS. 28A-B show the full range of sideways motion of the
foot. FIG. 28 A shows the range in the calcaneal or heel area,
where the range is determined by the subtalar ankle joint.
FIG. 28B shows the much greater range of sideways motion
in the forefoot.

FIG. 28C compares the footprint made by a conventional
shoe 35 with the relative positions of the wearer’s right foot
sole in the maximum supination position 37a and the maxi-
mum pronation position 375.

FIG. 28D shows an overhead perspective of the actual bone
structures of the foot that are indicated in FIG. 28C.

FIG. 29A-E shows the implications of relative difference in
range of motions between forefoot, midfoot, and heel areas
on the applicant’s naturally contoured sides invention intro-
duced in his 1667 application filed 2 Sep. 1988. FIG. 29A-D
is a modification of FIG. 7 of the *667 application, with the
left side of the figures showing the required range of motion
for each area. FIG. 29E is FIG. 20 of the *667 application.

FIG. 30 is similar to FIG. 8 of the applicant’s U.S. appli-
cation Ser. No. 07/608,748, filed Nov. 5, 1990, in that it shows
a new invention for a shoe sole that covers the full range of
motion of the wearer’s right foot sole.
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FIG. 31 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 37« in FIGS. 28A
and 30; the forces were measured during a standing simula-
tion of the most common ankle spraining position.

FIGS. 32A-K show shoe soles with only one or more of the
essential stability elements defined in the 667 application
(the use of all of which is still preferred) but which, based on
FIG. 31, still represent major stability improvements over
existing footwear. All omit changes in the heel area.

FIG. 32A shows a shoe sole with an otherwise conven-
tional periphery 35 to which has been added the single most
critical stability correction 96a to support the head of the fifth
metatarsal.

FIG. 32B shows a shoe sole similar to FIG. 32A, but with
the, only additional shoe sole portion being a stability correc-
tion 97 to support the base of the fifth metatarsal 16.

FIG. 32C shows a shoe sole similar to FIGS. 32A&B, but
combining both stability corrections 96a and 97, with the
dashed line surrounding the fifth distal phalange 14 represent-
ing an optional additional support.

FIG. 32D shows a shoe sole similar to FIGS. 32A-C, but
with a single stability correction 96a that supports both the
head of the fifth metatarsal 15 and the fifth distal phalange 14.

FIG. 32E show the single most important correction on the
medial side (or inside) of the shoe sole: a stability correction
965 at the head of the first metatarsal 10; FIGS. 32A-D have
shown lateral corrections.

FIG. 32F shows a show sole similar to FIG. 32E, but with
an additional stability correction 98 at the head of the first
distal phalange 13.

FIG. 32G shows a shoe sole combining the additional
stability corrections 96a, 965, and 98 shown in FIGS. 32D&F,
supporting the first and fifth metatarsal heads and distal pha-
lange heads.

FIG. 32H shows a shoe sole with symmetrical stability
additions 96a and 965.

FIGS. 321&J show perspective views of typical examples
of the extreme case, women’s high heel pumps. FIG. 321
shows a conventional high heel pump without modification.
FIG. 32J shows the same shoe with an additional stability
correction 96a.

FIG. 32K shows a shoe sole similar to that in FIG. 32H, but
with the head of the fifth distal phalange 14 unsupported by
the additional stability correction 96a.

FIG. 32L shows a shoe sole with an additional stability
correction in a single continuous band extending all the way
around the forefoot area.

FIG. 32M shows a shoe sole similar to the FIGS. 32A-G
and 32K &L, but showing additional stability correction 97,
96a and 965, but retaining a conventional heel area.

FIGS. 33 through 43 are from the applicant’s earlier U.S.
application Ser. No. 07/539,870 filed 18 Jun. 1990.

FIG. 33 shows, in frontal plane cross section at the heel
portion of a shoe, a conventional athletic shoe with rigid heel
counter and reinforcing motion control device and a conven-
tional shoe sole. FIG. 33 shows that shoe when tilted 20
degrees outward, at the normal limit of ankle inversion.

FIG. 34 shows, in frontal plane cross section at the heel, the
human foot when tilted 20 degrees outward, at the normal
limit of ankle inversion.

FIG. 35 shows, in frontal plane cross section at the heel
portion, the applicant’s prior invention in U.S. application
Ser. No. 07/424,509, filed Oct. 20, 1989, of a conventional
shoe sole with sipes in the form of deformation slits aligned in
the vertical plane along the long axis of the shoe sole.
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FIG. 36 is a view similar to FIG. 35, but with the shoe tilted
20 degrees outward, at the normal limit of ankle inversion,
showing that the conventional shoe sole, as modified accord-
ing to U.S. application Ser. No. 07/424,509, filed Oct. 20,
1989, can deform in a manner paralleling the wearer’s foot,
providing a wide and stable base of support in the frontal
plane.

FIG. 37 is a view repeating FIG. 9B of U.S. Application
No. ’509 showing deformation slits applied to the applicant’s
prior naturally contoured sides invention, with additional slits
on roughly the horizontal plane to aid natural deformation of
the contoured side.

FIG. 38A is a frontal plane cross section at the heel of a
conventional shoe with a sole that utilizes both horizontal and
sagittal plane slits; FIG. 38B show other conventional shoe
soles with other variations of horizontal plane deformation
slit originating from the sides of the shoe sole.

FIG. 39 is a frontal plane cross section at the heel of a
conventional shoe of the right foot utilizing horizontal plane
deformation slits and tilted outward about 20 degrees to the
normal limit of ankle motion.

FIG. 40 is a frontal plane cross section at the heel of a
conventional shoe with horizontal plane sipes in the form of
slits that have been enlarged to channels, which contain an
elastic supportive material.

FIG. 41 shows, in frontal plane cross section at the heel
portion of a shoe, the applicant’s prior invention of a shoe sole
with naturally contoured sides based on a theoretically ideal
stability plane.

FIG. 42 shows, again in frontal plane cross section, the
most general case of the applicant’s prior invention, a fully
contoured shoe sole that follows the natural contour of the
bottom of the foot as well as its sides, also based on the
theoretically ideal stability plane.

FIG. 43 shows, in frontal plane cross section at the heel, the
use of a high density (d') midsole material on the naturally
contoured sides and a low density (d) midsole material every-
where else to reduce side width.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows a perspective view of a shoe, such as a typical
athletic shoe specifically for running, according to the prior
art, wherein the running shoe 20 includes an upper portion 21
and a sole 22.

FIG. 2 illustrates, in a close-up cross section of a typical
shoe of existing art (undeformed by body weight) on the
ground 43 when tilted on the bottom outside edge 23 of the
shoe sole 22, that an inherent stability problem remains in
existing designs, even when the abnormal torque producing
rigid heel counter and other motion devices are removed, as
illustrated in FIG. 5 of U.S. application Ser. No. 07/400,714,
filedon Aug. 30, 1989. The problem is that the remaining shoe
upper 21 (shown in the thickened and darkened line), while
providing no lever arm extension, since it is flexible instead of
rigid, nonetheless creates unnatural destabilizing torque on
the shoe sole. The torque is due to the tension force 155a
along the top surface of the shoe sole 22 caused by a com-
pression force 150 (a composite of the force of gravity on the
body and a sideways motion force) to the side by the foot 27,
due simply to the shoe being tilted to the side, for example.
The resulting destabilizing force acts to pull the shoe sole in
rotation around a lever arm 23a that is the width of the shoe
sole at the edge. Roughly speaking, the force of the foot on the
shoe upper pulls the shoe over on its side when the shoe is
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tilted sideways. The compression force 150 also creates a
tension force 1555, which is the mirror image of tension force
155a

FIG. 3 shows, in a close-up cross section of a naturally
contoured design shoe sole 28, described in U.S. application
Ser. No. 07/239,667, filed on Sep. 2, 1988, (also shown unde-
formed by body weight) when tilted on the bottom edge, that
the same inherent stability problem remains in the naturally
contoured shoe sole design, though to a reduced degree. The
problem is less since the direction of the force vector 155
along the lower surface of the shoe upper 21 is parallel to the
ground 43 at the outer sole edge 32 edge, instead of angled
toward the ground as in a conventional design like that shown
in FIG. 2, so the resulting torque produced by lever arm
created by the outer sole edge 32 would be less, and the
contoured shoe sole 28 provides direct structural support
when tilted, unlike conventional designs.

FIG. 4 shows (in a rear view) that, in contrast, the barefoot
is naturally stable because, when deformed by body weight
and tilted to its natural lateral limit of about 20 degrees, it does
not create any destabilizing torque due to tension force. Even
though tension paralleling that on the shoe upper is created on
the outer surface 29, both bottom and sides, of the bare foot by
the compression force of weight-bearing, no destabilizing
torque is created because the lower surface under tension (ie
the foot’s bottom sole, shown in the darkened line) is resting
directly in contact with the ground. Consequently, there is no
unnatural lever arm artificially created against which to pull.
The weight of the body firmly anchors the outer surface of the
foot underneath the foot so that even considerable pressure
against the outer surface 29 of the side of the foot results in no
destabilizing motion. When the foot is tilted, the supporting
structures of the foot, like the calcaneus, slide against the side
of the strong but flexible outer surface of the foot and create
very substantial pressure on that outer surface at the sides of
the foot. But that pressure is precisely resisted and balanced
by tension along the outer surface of the foot, resulting in a
stable equilibrium.

FIG. 5 shows, in cross section of the upright heel deformed
by body weight, the principle of the tension stabilized sides of
the barefoot applied to the naturally contoured shoe sole
design; the same principle can be applied to conventional
shoes, but is not shown. The key change from the existing art
of shoes is that the sides of the shoe upper 21 (shown as
darkened lines) must wrap around the outside edges 32 ofthe
shoe sole 28, instead of attaching underneath the foot to the
upper surface 30 of the shoe sole, as done conventionally. The
shoe upper sides can overlap and be attached to either the
inner (shown on the left) or outer surface (shown on the right)
of the bottom sole, since those sides are not unusually load-
bearing, as shown; or the bottom sole, optimally thin and
tapering as shown, can extend upward around the outside
edges 32 of the shoe sole to overlap and attach to the shoe
upper sides (shown FIG. 5B); their optimal position coincides
with the Theoretically Ideal Stability Plane, so that the ten-
sion force on the shoe sides is transmitted directly all the way
down to the bottom shoe, which anchors it on the ground with
virtually no intervening artificial lever arm. For shoes with
only one sole layer, the attachment of the shoe upper sides
should be at or near the lower or bottom surface of the shoe
sole.

The design shown in FIG. 5 is based on a fundamentally
different conception: that the shoe upper is integrated into the
shoe sole, instead of attached on top of it, and the shoe sole is
treated as a natural extension of the foot sole, not attached to
it separately.
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The fabric (or other flexible material, like leather) of the
shoe uppers would preferably be non-stretch or relatively so,
s0 as not to be deformed excessively by the tension place upon
its sides when compressed as the foot and shoe tilt. The fabric
can be reinforced in areas of particularly high tension, like the
essential structural support and propulsion elements defined
in the applicant’s earlier applications (the base and lateral
tuberosity of the calcaneus, the base of the fifth metatarsal, the
heads of the metatarsals, and the first distal phalange; the
reinforcement can take many forms, such as like that of cor-
ners of the jib sail of a racing sailboat or more simple straps.
As closely as possible, it should have the same performance
characteristics as the heavily calloused skin of the sole of an
habitually bare foot. The relative density of the shoe sole is
preferred as indicated in FIG. 9 of U.S. application Ser. No.
07/400,714, filed on Aug. 30, 1989, with the softest density
nearest the foot sole, so that the conforming sides of the shoe
sole do not provide a rigid destabilizing lever arm.

The change from existing art of the tension stabilized sides
shown in FIG. 5 is that the shoe upper is directly integrated
functionally with the shoe sole, instead of simply being
attached on top of it. The advantage of the tension stabilized
sides design is that it provides natural stability as close to that
of'the barefoot as possible, and does so economically, with the
minimum shoe sole side width possible.

The result is a shoe sole that is naturally stabilized in the
same way that the barefoot is stabilized, as seen in FIG. 6,
which shows a close-up cross section of a naturally contoured
design shoe sole 28 (undeformed by body weight) when tilted
to the edge. The same destabilizing force against the side of
the shoe shown in FIG. 2 is now stably resisted by offsetting
tension in the surface of the shoe upper 21 extended down the
side of the shoe sole so that it is anchored by the weight of the
body when the shoe and foot are tilted.

In order to avoid creating unnatural torque on the shoe sole,
the shoe uppers may be joined or bonded only to the bottom
sole, not the midsole, so that pressure shown on the side of the
shoe upper produces side tension only and not the destabiliz-
ing torque from pulling similar to that described in FIG. 2.
However, to avoid unnatural torque, the upper areas 147 of the
shoe midsole, which forms a sharp corner, should be com-
posed of relatively soft midsole material; in this case, bonding
the shoe uppers to the midsole would not create very much
destabilizing torque. The bottom sole is preferably thin, at
least on the stability sides, so that its attachment overlap with
the shoe upper sides coincide as close as possible to the
Theoretically Ideal Stability Plane, so that force is transmitted
on the outer shoe sole surface to the ground.

According to the present invention, as shown in FIGS.
5A-5B and 6-7, a shoe having a shoe sole 28 suitable for an
athletic shoe comprises a sole inner surface 30 for supporting
a foot of an intended wearer 27, a sole outer surface 31. The
shoe sole 28 further comprises a sole medial side 206, a sole
lateral side 208 and a sole middle portion 210 located between
said sole sides, amidsole component 147, 148 having an inner
surface 212 and an outer surface 214, and a bottom sole 149
which forms at least part of the sole outer surface 31. The sole
outer surface 31 of one of the sole medial and lateral sides
206, 208 comprising a concavely rounded portion extending
below a lowest point of the inner surface of the midsole
component 212 and down to at least an uppermost point of a
bottom sole portion, as viewed in a frontal plane cross-section
when the shoe sole 28 is upright and in an unloaded condition,
the concavity of the concavely rounded portion of the sole
outer surface 31 existing with respect to an inner section of
the shoe sole 28 directly adjacent to the concavely rounded
portion ofthe sole outer surface 31. The sole 28 further having
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a lateral sidemost section 222 located outside a straight ver-
tical line 224 extending through the shoe sole 28 at a lateral
sidemost extent 226 of an inner surface of the midsole com-
ponent 147, 148, as viewed in the frontal plane cross-section
when the shoe sole 28 is upright and in an unloaded condition,
and a medial sidemost section 228 located outside a straight
vertical line 230 extending through the shoe sole at a medial
sidemost extent 232 of an inner surface of the midsole com-
ponent 147, 148, a viewed in the frontal plane cross-section
when the shoe sole is upright and in an unloaded condition.

In summary, the FIG. 5 design is for a shoe construction,
including: a shoe upper that is composed of material that is
flexible and relatively inelastic at least where the shoe upper
contacts the areas of the structural bone elements of the
human foot, and a shoe sole that has relatively flexible sides;
and at least a portion of the sides of the shoe upper being
attached directly to the bottom sole, while enveloping on the
outside the other sole portions of said shoe sole. This con-
struction can either be applied to convention shoe sole struc-
tures or to the applicant’s prior shoe sole inventions, such as
the naturally contoured shoe sole conforming to the theoreti-
cally ideal stability plane.

FIG. 7 shows, in cross section at the heel, the tension
stabilized sides concept applied to naturally contoured design
shoe sole when the shoe and foot are tilted out fully and
naturally deformed by body weight (although constant shoe
sole thickness is shown undeformed). The figure shows that
the shape and stability function of the shoe sole and shoe
uppers mirror almost exactly that of the human foot.

FIGS. 8A-8D show the natural cushioning of the human
barefoot, in cross sections at the heel. FIG. 8 A shows the bare
heel upright and unloaded, with little pressure on the subcal-
caneal fat pad 158, which is evenly distributed between the
calcaneus 159, which is the heel bone, and the bottom sole
160 of the foot.

FIG. 8B shows the bare heel upright but under the moderate
pressure of full body weight.

The compression of the calcaneus against the subcalcaneal
fat pad produces evenly balanced pressure within the subcal-
caneal fat pad because it is contained and surrounded by a
relatively unstretchable fibrous capsule, the bottom sole of
the foot. Underneath the foot, where the bottom sole is in
direct contact with the ground, the pressure caused by the
calcaneus on the compressed subcalcaneal fat pad is trans-
mitted directly to the ground. Simultaneously, substantial
tension is created on the sides of the bottom sole of the foot
because of the surrounding relatively tough fibrous capsule.
That combination of applicant’s prior shoe sole inventions,
such as the naturally contoured shoe sole conforming to the
theoretically ideal stability plane.

FIG. 7 shows, in cross section at the heel, the tension
stabilized sides concept applied to naturally contoured design
shoe sole when the shoe and foot are tilted out fully and
naturally deformed by body weight (although constant shoe
sole thickness is shown undeformed). The figure shows that
the shape and stability function of the shoe sole and shoe
uppers mirror almost exactly that of the human foot.

FIGS. 8A-8D show the natural cushioning of the human
barefoot, in cross sections at the heel. FIG. 8 A shows the bare
heel upright and unloaded, with little pressure on the subcal-
caneal fat pad 158, which is evenly distributed between the
calcaneus 159, which is the heel bone, and the bottom sole
160 of the foot.

FIG. 8B shows the bare heel upright but under the moderate
pressure of full body weight. The compression of the calca-
neus against the subcalcaneal fat pad produces evenly bal-
anced pressure within the subcalcaneal fat pad because it is













































