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(54) Shoe sole structures with Stacked Compartments

(57) Footwear, particularly for athletic shoes, that
has a sole structure (28) copying the underlying sup-
port, stability and cushioning structures of the human
foot. Still more particularly, this invention relates to the
use of relatively flexible and inelastic fiber (155a, 182)
within the material of the shoe sole to provide both flex-
ibility 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 (152, 181), contained within the
she 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 (figures 19-22) to support
those areas identified as mandatory to maintaining the
naturally firm lateral support of the wearer's foot sole
during extreme sideways motion while load-bearing.
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Description

Background of the Invention

[0001] This invention relates generally to the struc-
ture of footwear. More specifically, this invention relates
to the structure of athletic shoe soles that copy the
underlying support, stability 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 flex-
ibility 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 manda-
tory to maintaining the naturally firm lateral and medial
support of the wearer's foot sole during extreme side-
ways motion while load-bearing.
[0002] This application is built upon the applicant's
earlier U.S. Applications, especially including No.
07/463,302, filed January 10, 1990. That earlier appli-
cation 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 destabi-
lizing 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 sideways motion is neutralized by the
tension in the flexible sides of the shoe upper. Still more
particularly, this invention relates to support and cush-
ioning which is provided by shoe sole compartments
filled with a pressure-transmitting medium like liquid,
gas, or gel. Unlike similar existing systems, direct phys-
ical contact occurs between the upper surface and the
lower surface of the compartments, providing firm, sta-
ble support. Cushioning is provided by the transmitting
medium progressively causing tension in the flexible
and relatively inelastic sides of the shoe sole. The com-
partments providing support and cushioning are similar
in structure to the fat pads of the foot, which simultane-
ously provide both firm support and progressive cush-
ioning.
[0003] Existing cushioning systems cannot provide
both firm support 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. patents Nos. 4,219,945 issued Sep-
tember 2, 1980, 4,183,156 issued September 15, 1980,

4,271,606 issued June 9, 1981, and 4,340,626 issued
July 20, 1982; and Asics Gel, based on U.S. patent No.
4,768,295 issued September 6, 1988. Both of these
cushioning systems and all of the other less popular
ones have two essential flaws.

[0004] 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 struc-
tures; the shoe sole surface above the cushioning sys-
tem 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 progressive cushion-
ing are mutually incompatible. In marked contrast, it is
obvious with the simplest tests that the barefoot is pro-
vided 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.
[0005] Second, because such existing proprietary
cushioning systems do not provide adequate control of
foot motion or stability, 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. Unfor-
tunately, these rigid structures seriously obstruct natural
pronation and supination motion and actually increase
lateral instability, as noted in the applicant's pending
U.S. applications Nos. 07/219,387, filed on July 15,
1988; 07/239,667, filed on September 2, 1988;
07/400,714, filed on August 30, 1989; 07/416,478, filed
on October 3, 1989; 07/424,509, filed on October 20,
1989; 07/463,302, filed on January 10, 1990;
07/469,312, filed on January 24, 1990; 07/478,579, filed
February 8, 1990; 07/539,870, filed June 18, 1990;
07/608,748, filed November 5, 1990; 07/680,134, filed
April 3, 1991; 07/686,598, filed April 17, 1991; and
07/783,145, filed October 28, 1991, as well as in PCT
and foreign national applications based on the preced-
ing applications. The purpose of the inventions dis-
closed in These applications was primarily to provide a
neutral design that allows for natural foot and ankle bio-
mechanics as close as possible to that between the foot
and the ground, and to avoid the serious interference
with natural foot and ankle biomechanics inherent in
existing shoes.
[0006] In marked contrast to the rigid-sided proprie-
tary designs discussed above, the barefoot provides
stability at it sides by putting those sides, which are flex-
ible and relatively inelastic, under extreme tension
caused by the pressure of the compressed fat pads;
they thereby become temporarily rigid when outside
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forces make that rigidity appropriate, producing none of
the destabilizing lever arm torque problems of the per-
manently rigid sides of existing designs.

[0007] The applicant's new invention simply
attempts, as closely as possible, to replicate the natu-
rally effective structures of the foot that provide stability,
support, and cushioning.
[0008] This application is also built on the appli-
cant's earlier U.S. Application No. 07/539,870, filed
June 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 cre-
ates a stable base that is wide and flat even when tilted
sideways in natural pronation and supination motion.
[0009] The applicant has introduced into the art the
use of sipes to provide natural detonation paralleling the
human foot in pending U.S. application No. 07/424,509,
filed October 20, 1989, and No. 07/478,579, filed Febru-
ary 8, 1990. It is the object of this invention to elaborate
upon those earlier applications to apply their general
principles to other shoe sole structures, including those
introduced in other earlier applications.
[0010] By way of introduction, the prior two applica-
tions elaborated almost exclusively on the use of sipes
such as slits or channels that are preferably about per-
pendicular to the horizontal plane and about parallel to
the sagittal plane, which coincides roughly with the long
axis of the shoe; in addition, the sipes originated gener-
ally from the bottom of the shoe sole. The '870 applica-
tion 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 sagittal plane
and about parallel to the horizontal plane; that approach
was introduced in the '509 application. The '870 applica-
tion 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.
[0011] 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, it is 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.
[0012] Accordingly, it is a general object of this
invention to elaborate upon the application of the princi-
ple of the natural basis for the support, stability and
cushioning of the barefoot to shoe structures.
[0013] It is still another object of this invention to
provide a footwear using relatively inelastic and flexible
fiber within the material of the shoe sole to provide both
flexibility and firmness under load-bearing pressure.
[0014] It is still another object of this invention to
provide footwear 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 structures to provide the firm-
ness and flexibility to deform to flatten under weight-
bearing loads in parallel with the wearer's foot sole.

[0015] It is another object of this invention to pro-
vide 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.
[0016] 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

[0017]

Figs. 1-10 are from the applicant's pending U.S.
Application No. 07/463,302, filed 10 January 1990,
with several minor technical corrections.
Fig. 1 is a perspective view of a typical athletic shoe
for running known to the prior art to which the inven-
tion 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 lat-
erally 20 degrees.
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 moder-
ately loaded by full body weight and upright; Fig. 8C
is heavily loaded at peak landing force while run-
ning 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
sequential 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
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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 hori-
zontal plane close-up of the inner structures of an
individual chamber; and Fig. 10D shows a horizon-
tal section of the whorl arrangement of fat pad
underneath the calcaneus.

Figures 11A-C show a preferred embodiment in the
use of fiber strands in previous Figs. 10A-C.
Figures 12A-D shows the use of flexible and rela-
tively inelastic fiber in the form of strands, woven or
unwoven (such as pressed sheets), embedded in
midsole and bottom sole material. Fig. 12A is a
modification of Fig. 5A, Fig. 12B is Fig. 6 modified,
Fig. 12C is Fig. 7 modified, and Fig. 12D is entirely
new.
Figures 13A-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 embed-
ded capsule shell that surrounds the cushioning
compartment 161 containing a pressure-transmit-
ting medium like gas, gel, or liquid.
Figures 14A-D are Figs. 9A-D of the '870 applica-
tion 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. 12A-D. Fig. 14E is a new figure
showing a frontal plane cross section of a fibrous
capsule shell 191 that directly envelopes the sur-
face of the midsole section 188.
Figures 15A&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 farther up the side of the
midsole.
Figure 16 shows a perspective view (the outside of
a right shoe) of a conventional flat shoe 20 with the
Fig. 15A design for attachment of the shoe sole bot-
tom to the shoe upper.
Figs. 17A-D are Figs. 9A-D of the applicant's U.S.
Application 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. 17D shows a similar approach applied to
the applicant's fully contoured design.
Fig. 18 is Fig. 6C of the '870 Application showing a
frontal plane cross section at the heel of a conven-
tional shoe with a sole that utilizes both horizontal
and sagittal plane slits; Fig. 18 show other conven-
tional shoe soles with other variations of horizontal
plane detonation slits.
Fig. 19 show the upper surface of the bottom sole
149 (unattached) of the right shoe shown in per-

spective in Figure 16.

Figure 20 shows the Fig. 19 bottom sole structure
149 with forefoot support area 126, the heel sup-
port 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. 15
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.
Figure 21 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.
Figure 22 shows a similar bottom sole structure
149, but with both the fore foot section 126 and the
base of the fifth metatarsal section 97 unglued or
not firmly attached, with all other portions (or at
least most) glued or firmly attached.
Figure 23 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. 18.
Figure 24 shows a similar structure to Fig. 23, 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.
Figure 25 shows a similar structure to Fig. 24, 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.
Figure 26 shows a similar structure to Fig. 25, but
with each of the two major forefoot areas further
subdivided into individual metatarsal and individual
phalange.
Figure 27 shows a similar structure to Fig. 21, but
with the forefoot area 126 enlarged beyond the bor-
der 15 of the flat section of the bottom sole. This
structure corresponds to that shown in Figs. 15
A&B.
Figure 28 shows a similar structure to Fig. 27, but
with an additional section 127 in the heel area
where outer sole wear is typically excessive.
Figures 29A&B show the full range of sideways
motion of the foot. Fig. 29A shows the range in the
calcaneal or heel area, where the range is deter-
mined by the subtalar ankle joint. Fig. 29B shows
the much greater range of sideways motion in the
forefoot. Figure 29C compares the footprint made
by a conventional shoe 35 with the relative posi-
tions of the wearer's right foot sole in the maximum
supination position 37a and the maximum prona-
tion position 37b. Figure 29D shows an overhead
perspective of the actual bone structures of the foot
that are indicated in Fig. 29C.
Figure 30A-E shows the implications of relative dif-
ference in range of motions between forefoot, mid-
foot, and heel areas on the applicant's naturally
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contoured sides invention introduced in his '667
application filed 2 September 1988. Fig. 30A-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. 30E is Fig. 21 of
the '667 application.

Figure 31 is similar to Fig. 8 of the applicant's U.S.
Application No. 07/ 608,748, filed November 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.
Figure 32 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 Figs.29A & 31; the forces were
measured during a standing simulation of the most
common ankle spraining position.
Figures 33A-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. 32, still repre-
sent major stability improvements over existing
footwear. All omit changes in the heel area.
Figure 33A shows a shoe sole with an otherwise
conventional periphery 35 to which has been added
the single most critical stability correction 96a to
support the head of the fifth metatarsal.
Figure 33B shows a shoe sole similar to Fig. 33A,
but with the only additional shoe sole portion being
a stability correction 97 to support the base of the
fifth metatarsal 16.
Figure 33C shows a shoe sole similar to Figs.
33A&B, but combining both stability corrections 96a
and 97, with the dashed line surrounding the fifth
distal phalange 14 representing an optional addi-
tional support.
Figure 33D shows a shoe sole similar to Figs. 33A-
C, but with a single stability correction 96a that sup-
ports both the head of the fifth metatarsal 15 and
the fifth distal phalange 14.
Figure 33E show the single most important correc-
tion on the medial side (or inside) of the shoe sole:
a stability correction 96b at the head of the first met-
atarsal 10; Figs. 33A-D have shown lateral correc-
tions.
Figure 33F shows a show sole similar to Fig. 33E,
but with an additional stability correction 98 at the
head of the first distal phalange 13.
Figure 33G shows a shoe sole combining the addi-
tional stability corrections 96a, 96b, and 98 shown
in Figs. 33D&F, supporting the first and fifth meta-
tarsal heads and distal phalange heads.
Figure 33H shows a shoe sole with symmetrical
stability additions 96a and 96b.
Figures 33I&J show perspective views of typical
examples of the extreme case, women's high heel
pumps. Fig. 33I shows a conventional high heel
pump without modification. Fig. 33J shows the

same shoe with an additional stability correction
96a.

Figure 33K shows a shoe sole similar to that in Fig.
33H, but with the head of the fifth distal phalange 14
unsupported by the additional stability correction
96a.
Figure 33L shows a shoe sole with an additional
stability correction in a single continuous band
extending all the way around the forefoot area.
Figure 33M shows a shoe sole similar to the Figs.
33A-G and 33K&L, but showing additional stability
correction 97, 96a and 96b, but retaining a conven-
tional heel area.
Figures 34 through 44 are from the applicant's ear-
lier pending U.S. Application No. 07/539,870 filed
18 June 1990.
Figure 34 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 conventional shoe sole. Fig. 34
shows that shoe when tilted 20 degrees outward, at
the normal limit of ankle inversion.
Figure 35 shows, in frontal plane cross section at
the heel, the human foot when tilted 20 degrees
outward, at the normal limit of ankle inversion.
Figure 36 shows, in frontal plane cross section at
the heel portion, the applicant's prior invention in
pending U.S. application No. 07/424,509, filed
October 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.
Figure 37 is a view similar to Fig. 36, but with the
shoe tilted 20 degrees outward, at the normal limit
of ankle inversion, showing that the conventional
shoe sole, as modified according to pending U.S.
Application No. 07/424,509, filed October 20, 1989,
can deform in a manner paralleling the wearer's
foot, providing a wide and stable base of support in
the frontal plane.
Figure 38 is a view repeating Fig. 9B of pending
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.
Figure 39A 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. 39B
show other conventional shoe soles with other vari-
ations of horizontal plane deformation slit originat-
ing from the sides of the shoe sole.
Figure 40 is a frontal plane cross section at the heel
of a conventional shoe of the right foot utilizing hor-
izontal plane deformation slits and tilted outward
about 20 degrees to the normal limit of ankle
motion.
Figure 41 is a frontal plane cross section at the heel
of a conventional shoe with horizontal plane sipes
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in the form of slits that have been enlarged to chan-
nels, which contain an elastic supportive material.

Figure 42 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.
Figure 43 shows, again in frontal plane cross sec-
tion, 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.
Figure 44 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 everywhere else to
reduce side width.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0018] 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.
[0019] 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 out-
side edge 23 of the shoe sole 22, that an inherent stabil-
ity 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
pending U.S. application No. 07/400,714, filed on
August 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 compression force 150 (a
composite of the force of gravity on the body and a side-
ways 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 tilted sideways. The compression
force 150 also creates a tension force 155b, which is the
mirror image of tension force 155a
[0020] Fig. 3 shows, in a close-up cross section of a
naturally contoured design shoe sole 28, described in
pending U.S. application No. 07/239,667, filed on Sep-
tember 2, 1988, (also shown undeformed by body
weight) when tilted on the bottom edge, that the same
inherent stability problem remains in the naturally con-
toured shoe sole design, though to a reduced degree.
The problem is less since the direction of the force vec-

tor 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 conven-
tional 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.

[0021] 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 paral-
leling that on the shoe upper is created on the outer sur-
face 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 ten-
sion (ie the foot's bottom sole, shown in the darkened
line) is resting directly in contact with the ground. Con-
sequently, there is no unnatural lever arm artificially cre-
ated 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 sup-
porting 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 equilib-
rium.
[0022] Fig. 5 shows, in cross section of the upright
heel deformed by body weight, the principle of the ten-
sion stabilized sides of the barefoot applied to the natu-
rally 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 of the 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 Theoreti-
cally Ideal Stability Plane, so that the tension 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.
[0023] The design shown in Fig. 5 is based on a
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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 exten-
sion of the foot sole, not attached to it separately.

[0024] The fabric (or other flexible material, like
leather) of the shoe uppers would preferably be non-
stretch or relatively so, so as not to be deformed exces-
sively by the tension place upon its sides when com-
pressed 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 corners of the jib sail of a rac-
ing sailboat or more simple straps. As closely as possi-
ble, 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 pending
U.S. application No. 07/400,714, filed on August 30,
1989, with the softest density nearest the foot sole, so
that the conforming sides of the shoe sole do not pro-
vide a rigid destabilizing lever arm.
[0025] 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 advan-
tage of the tension stabilized sides design is that it pro-
vides natural stability as close to that of the barefoot as
possible, and does so economically, with the minimum
shoe sole side width possible.
[0026] The result is a shoe sole that is naturally sta-
bilized 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.
[0027] 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 destabilizing 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 cre-
ate 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.

[0028] 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 struc-
tural 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 construction
can either be applied to convention shoe sole structures
or to the applicant's prior shoe sole inventions, such as
the naturally contoured shoe sole conforming to the the-
oretically ideal stability plane.
[0029] 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 unde-
formed). The figure shows that the shape and stability
function of the shoe sole and shoe uppers mirror almost
exactly that of the human foot.
[0030] Figs. 8A-8D show the natural cushioning of
the human barefoot, in cross sections at the heel. Fig.
8A shows the bare heel upright and unloaded, with little
pressure on the subcalcaneal fat pad 158, which is
evenly distributed between the calcaneus 159, which is
the heel bone, and the bottom sole 160 of the foot.
[0031] 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
subcalcaneal fat pad because it is contained and sur-
rounded 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 transmitted 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 bottom pressure and side tension is the
foot's natural shock absorption system for support
structures like the calcaneus and the other bones of the
foot that come in contact with the ground.
[0032] Of equal functional importance is that lower
surface 167 of those support structures of the foot like
the calcaneus and other bones make firm contact with
the upper surface 168 of the foot's bottom sole under-
neath, with relatively little uncompressed fat pad inter-
vening. In effect, the support structures of the foot land
on the ground and are firmly supported; they are not
suspended on top of springy material in a buoyant man-
ner analogous to a water bed or pneumatic tire, like the
existing proprietary shoe sole cushioning systems like
Nike Air or Asics Gel. This simultaneously firm and yet
cushioned support provided by the foot sole must have
a significantly beneficial impact on energy efficiency,
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also called energy return, and is not paralleled by exist-
ing shoe designs to provide cushioning, all of which pro-
vide shock absorption cushioning during the landing
and support phases of locomotion at the expense of
firm support during the take-off phase.

[0033] The incredible and unique feature of the
foot's natural system is that, once the calcaneus is in
fairly direct contact with the bottom sole and therefore
providing firm support and stability, increased pressure
produces a more rigid fibrous capsule that protects the
calcaneus and greater tension at the sides to absorb
shock. So, in a sense, even when the foot's suspension
system would seem in a conventional way to have bot-
tomed out under normal body weight pressure, it contin-
ues to react with a mechanism to protect and cushion
the foot even under very much more extreme pressure.
This is seen in Fig. 8C, which shows the human heel
under the heavy pressure of roughly three times body
weight force of landing during routine running. This can
be easily verified: when one stands barefoot on a hard
floor, the heel feels very firmly supported and yet can be
lifted and virtually slammed onto the floor with little
increase in the feeling of firmness; the heel simply
becomes harder as the pressure increases.
[0034] In addition, it should be noted that this sys-
tem allows the relatively narrow base of the calcaneus
to pivot from side to side freely in normal pronation/supi-
nation motion, without any obstructing torsion on it,
despite the very much greater width of compressed foot
sole providing protection and cushioning; this is cru-
cially important in maintaining natural alignment of
joints above the ankle joint suCh as the knee, hip and
back, particularly in the horizontal plane, so that the
entire body is properly adjusted to absorb shock cor-
rectly. In contrast, existing shoe sole designs, which are
generally relatively wide to provide stability, produce
unnatural frontal plane torsion on the calcaneus,
restricting its natural motion, and causing misalignment
of the joints operating above it, resulting in the overuse
injuries unusually common with such shoes. Instead of
flexible sides that harden under tension caused by pres-
sure like that of the root, existing shoe sole designs are
forced by lack of other alternatives to use relatively rigid
sides in an attempt to provide sufficient stability to offset
the otherwise uncontrollable buoyancy and lack of firm
support of air or gel cushions.
[0035] Fig. 8D shows the barefoot deformed under
full body weight and tilted laterally to the roughly 20
degree limit of normal range. Again it is clear that the
natural system provides both firm lateral support and
stability by providing relatively direct contact with the
ground, while at the same time providing a cushioning
mechanism through side tension and subcalcaneal fat
pad pressure.
[0036] Figs. 9A-9D show, also in cross sections at
the heel, a naturally contoured shoe sole design that
parallels as closely as possible the overall natural cush-
ioning and stability system of the barefoot described in

Fig. 8, including a cushioning compartment 161 under
support structures of the foot containing a pressure-
transmitting medium like gas, gel, or liquid, like the sub-
calcaneal fat pad under the calcaneus and other bones
of the foot; consequently, Figs. 9A-D directly correspond
to Figs. 8A-D. The optimal pressure-transmitting
medium is that which most closely approximates the tat
pads of the foot; silicone gel is probably most optimal of
materials currently readily available, but future improve-
ments are probable; since it transmits pressure indi-
rectly, in that it compresses in volume under pressure,
gas is significantly less optimal. The gas, gel, or liquid,
or any other effective material, can be further encapsu-
lated itself, in addition to the sides of the shoe sole, to
control leakage and maintain uniformity, as is common
conventionally, and can be subdivided into any practical
number of encapsulated areas within a compartment,
again as is common conventionally. The relative thick-
ness of the cushioning compartment 161 can vary, as
can the bottom sole 149 and the upper midsole 147,
and can be consistent or differ in various areas of the
shoe sole; the optimal relative sizes should be those
that approximate most closely those of the average
human foot, which suggests both smaller upper and
lover soles and a larger cushioning compartment than
shown in Fig.9. However, for ease of manufacturing and
other reasons, the cushioning compartment can also be
very thin, including as thin as a simple sipe or horizontal
slit, or a single boundary layer, such as a portion or
most of that layer between the bottom sole and the mid-
sole. And the cushioning compartments or pads 161
can be placed anywhere from directly underneath the
foot, like an insole, to directly above the bottom sole.
Optimally, the amount of compression created by a
given load in any cushioning compartment 161 should
be tuned to approximate as closely as possible the com-
pression under the corresponding fat pad of the foot.

[0037] The function of the subcalcaneal fat pad is
not met satisfactorily with existing proprietary cushion-
ing systems, even those featuring gas, gel or liquid as a
pressure transmitting medium. In contrast to those arti-
ficial systems, the new design shown is Fig. 9 conforms
to the natural contour of the foot and to the natural
method of transmitting bottom pressure into side ten-
sion in the flexible but relatively non-stretching (the
actual. optimal elasticity will require empirical studies)
sides of the shoe sole.
[0038] Existing cushioning systems like Nike Air or
Asics Gel do not bottom out under moderate loads and
rarely if ever do so under extreme loads; the upper sur-
face of the cushioning device remains suspended
above the lower surface. In contrast, the new design in
Fig. 9 provides firm support to foot support structures by
providing for actual contact between the lower surface
165 of the upper midsole 147 and the upper surface 166
of the bottom sole 149 when fully loaded under moder-
ate body weight pressure, as indicated in Fig. 9B, or
under maximum normal peak landing force during run-
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ning, as indicated in Fig. 9C, just as the human foot
does in Figs. 8B and 8C. The greater the downward
force transmitted through the foot to the shoe, the
greater the compression pressure in the cushioning
compartment 161 and the greater the resulting tension
of the shoe sole sides.

[0039] Fig. 9D shows the same shoe sole design
when fully loaded and tilted to the natural 20 degree lat-
eral limit, like Fig. 8D. Fig. 9D shows that an added sta-
bility benefit of the natural cushioning system for shoe
soles is that the effective thickness of the shoe sole is
reduced by compression on the side so that the poten-
tial destabilizing lever arm represented by the shoe sole
thickness is also reduced, so toot and ankle stability is
increased. Another benefit of the Fig. 9 design is that
the upper midsole shoe surface can move in any hori-
zontal direction, either sideways or front to back in order
to absorb shearing forces; that shearing motion is con-
trolled by tension in the sides. Note that the right side of
Figs. 9A-D is modified to provide a natural crease or
upward taper 162, which allows complete side com-
pression without binding or bunching between the upper
and lower shoe sole layers 147, 148, and 149; the shoe
sole crease 162 parallels exactly a similar crease or
taper 163 in the human foot.
[0040] Another possible variation of joining shoe
upper to shoe bottom sole is on the right (lateral) side of
Figs. 9A-D, which makes use of the fact that it is optimal
for the tension absorbing shoe sole sides, whether shoe
upper or bottom sole, to coincide with the Theoretically
Ideal Stability Plane along the side of the shoe sole
beyond that point reached when the shoe is tilted to the
foot's natural limit, so that no destabilizing shoe sole
lever arm is created when the shoe is tilted fully, as in
Fig. 9D. The joint may be moved up slightly so that the
fabric side does not come in contact with the ground, or
it may be cover with a coating to provide both traction
and fabric protection.
[0041] It should be noted that the Fig. 9 design pro-
vides a structural basis for the shoe sole to conform
very easily to the natural shape of the human foot and to
parallel easily the natural deformation flattening of the
foot during load-bearing motion on the ground. This is
true even if the shoe sole is made like a conventional
sole except for the Fig. 9 design, although relatively rigid
structures such as heel counters and motion control
devices are not preferred, since they would interfere
with the capability of the shoe sole to deform in parallel
with the natural deformation under load of the wearer's
foot sole. Though not optimal, such a conventional flat
shoe made like Fig. 9 would provide the essential fea-
tures of the new invention resulting in significantly
improved cushioning and stability. The Fig. 9 design
could also be applied to intermediate-shaped shoe
soles that neither conform to the flat ground or the natu-
rally contoured foot. In addition, the Fig. 9 design can be
applied to the applicant's other designs, such as those
described in his pending U.S. application No.

07/416,478, filed on October 3, 1989.

[0042] In summary, the Fig. 9 design shows a shoe
construction for a shoe, including: a shoe sole with a
compartment or compartments under the structural ele-
ments of the human foot, including at least the heel; the
compartment or compartments contains a pressure-
transmitting medium like liquid, gas, or gel; a portion of
the upper surface of the shoe sole compartment firmly
contacts the lower surface of said compartment during
normal load-bearing; and pressure from the load-bear-
ing is transmitted progressively at least in part to the rel-
atively inelastic sides, top and bottom of the shoe sole
compartment or compartments, producing tension.
[0043] While the Fig. 9 design copies in a simplified
way the macro structure of the foot, Figs. 10 A-C focus
on a more on the exact detail of the natural structures,
including at the micro level. Figs. 10A and 10C are per-
spective views of cross sections of the human heel
showing the matrix of elastic fibrous connective tissue
arranged into chambers 164 holding closely packed fat
cells; the chambers are structured as whorls radiating
out from the calcaneus. These fibrous-tissue strands
are firmly attached to the undersurface of the calcaneus
and extend to the subcutaneous tissues. They are usu-
ally in the form of the letter U, with the open end of the
U pointing toward the calcaneus.
[0044] As the most natural, an approximation of this
specific chamber structure would appear to be the most
optimal as an accurate modal for the structure of the
shoe sole cushioning compartments 161, at least in an
ultimate sense, although the complicated nature of the
design will require some time to overcome exact design
and construction difficulties; however, the description of
the structure of calcaneal padding provided by Erich
Blechschmidt in Foot and Ankle, March, 1982, (trans-
lated from the original 1933 article in German) is so
detailed and comprehensive that copying the same
structure as a model in shoe sole design is not difficult
technically, once the crucial connection is made that
such copying of this natural system is necessary to
overcome inherent weaknesses in the design of existing
shoes. Other arrangements and orientations of the
whorls are possible, but would probably be less optimal.
[0045] Pursuing this nearly exact design analogy,
the lower surface 165 of the upper midsole 147 would
correspond to the outer surface 167 of the calcaneus
159 and would be the origin of the U shaped whorl
chambers 164 noted above.
[0046] Fig. 10B shows a close-up of the interior
structure of the large chambers shown in Fig. 10A and
10C. It is clear from the fine interior structure and com-
pression characteristics of the mini-chambers 165a that
those directly under the calcaneus become very hard
quite easily, due to the high local pressure on them and
the limited degree of their elasticity, so they are able to
provide very firm support to the calcaneus or other
bones of the foot sole; by being fairly inelastic, the com-
pression forces on those compartments are dissipated
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to other areas of the network of fat pads under any given
support structure of the foot, like the calcaneus. Conse-
quently, if a cushioning compartment 161, such as the
compartment under the heel shown in Fig. 9, is subdi-
vided into smaller chambers, like those shown in Fig.
10, then actual contact between the upper surface 165
and the lower surface 166 would no longer be required
to provide firm support, so long as those compartments
and the pressure-transmitting medium contained in
them have material characteristics similar to those of
the foot, as described above; the use of gas may not be
satisfactory in this approach, since its compressibility
may not allow adequate firmness.

[0047] In summary, the Fig. 10 design shows a
shoe construction including: a shoe sole with a com-
partments under the structural elements of the human
foot, including at least the heel; the compartments con-
taining a pressure-transmitting medium like liquid, gas,
or gel; the compartments having a whorled structure
likE That of the fat pads of the human foot sole; load-
bearing pressure being transmitted progressively at
least in part to the relatively inelastic sides, top and bot-
tom of the shoe sole compartments, producing tension
therein; the elasticity of the material of the compart-
ments and the pressure-transmitting medium are such
that normal weight-bearing loads produce sufficient ten-
sion within the structure of the compartments to provide
adequate structural rigidity to allow firm natural support
to the foot structural elements, like that provided the
barefoot by its fat pads. That shoe sole construction can
have shoe sole compartments that are subdivided into
micro chambers like those of the fat pads of the foot
sole.
[0048] Since the bare foot that is never shod is pro-
tected by very hard callouses (called a "seri boot")
which the shod foot lacks, it seems reasonable to infer
that natural protection and shock absorption system of
the shod foot is adversely affected by its unnaturally
undeveloped fibrous capsules (surrounding the subcal-
caneal and other fat pads under foot bone support
structures). A solution would be to produce a shoe
intended for use without socks (ie with smooth surfaces
above the foot bottom sole) that uses insoles that coin-
cide with the foot bottom sole, including its sides. The
upper surface of those insoles, which would be in con-
tact with the bottom sole of the foot (and its sides),
would be coarse enough to stimulate the production of
natural barefoot callouses. The insoles would be remov-
able and available in different uniform grades of coarse-
ness, as is sandpaper, so that the user can progress
from finer grades to coarser grades as his foot soles
toughen with use.
[0049] Similarly, socks could be produced to serve
the same function, with the area of the sock that corre-
sponds to the foot bottom sole (and sides of the bottom
sole) made of a material coarse enough to stimulate the
production of callouses on the bottom sole of the foot,
with different grades of coarseness available, from fine

to coarse, corresponding to feet from soft to naturally
tough. Using a tube sock design with uniform coarse-
ness, rather than conventional sock design assumed
above, would allow the user to rotate the sock on his
foot to eliminate any "hot spot" irritation points that
might develop. Also, since the toes are most prone to
blistering and the heel is most important in shock
absorption, the toe area of the sock could be relatively
less abrasive than the heel area.

[0050] Figures 11A-C show a preferred embodi-
ment of fiber strands in previous Figs. 10A-C. The use
of fibers in existing shoe soles is limited to only the outer
surface, such as the upper surface of insoles, which is
typically woven fabric, and such as the Dellinger Web,
which is a net or web of fabric surrounding the outer sur-
face of the midsole (or portions of it, like the heel wedge,
sandwiched into the rest of the shoe sole). No existing
use of fiber in shoe soles includes use of those fibers
within the shoe sole material itself.
[0051] In contrast, the use of fibers in the '302 appli-
cation copies the use of fibers in the human foot and
therefore would be, like the foot sole, integrally sus-
pended within the other material of the shoe sole itself;
that is, in typical existing athletic shoes, within the poly-
urethane (PU) or ethylvinylacetate (EVA). In other
words, the use of fibers in the '302 application is analo-
gous to fiberglass (but highly flexible). The '302 applica-
tion was intended to encompass broadly any use of
fiber suspended within shoe sole material to reinforce it,
providing strength and flexibility; particularly the use of
such fiber in the midsole and bottom sole, since use
there copies the U shaped use of fiber in the human foot
sole. The orientation of the fiber within the human foot
sole structure shown in Fig. 11 is strictly determined by
the shape of that structure, since the the fibers would be
lie within the intricate planar structures.
[0052] The '302 application specifies copying the
specific structure of the foot sole as definitively
described by Erich Blechschmidt in FOOT AND ANKLE,
March, 1982, which is shown here with fiber explicitly
indicated in new Figs. 11A-C (which are Figs. 10A-C
modified). Like the human fiber, such shoe sole fiber
should preferably be flexible and relatively inelastic.
[0053] Figures 12A-D shows the use of flexible and
relatively inelastic fiber in the form of strands, woven or
unwoven (such as pressed sheets), embedded in mid-
sole and bottom sole material. Optimally, the fiber
strands parallel (at least roughly) the plane surface of
the wearer's foot sole in the naturally contoured design
in Figs. 12A-C and parallel the flat ground in Fig. 12D,
which shows a section of conventional, uncontoured
shoe sole. Fiber orientations at an angle to this parallel
position will still provide improvement over conventional
soles without fiber reinforcement, particularly if the
angle is relatively small; however, very large angles or
omni-directionality of the fibers will result in increased
rigidity or increased softness.
[0054] This preferred orientation of the fiber
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strands, parallel to the plane of the wearer's foot sole,
allows for the shoe sole to deform to flatten in parallel
with the natural flattening of the foot sole under pres-
sure. At the same time, the tensile strength of the fibers
resist the downward pressure of body weight that would
normally squeeze the shoe sole material to the sides,
so that the side walls of the shoe sole will not bulge out
(or will do so less so). The result is a shoe sole material
that is both flexible and firm. This unique combination of
functional traits is in marked contrast to conventional
shoe sole materials in which increased flexibility una-
voidably causes increased softness and increased firm-
ness also increases rigidity. Fig. 12A is a modification of
Fig. 5A, Fig. 12B is Fig. 6 modified, Fig. 12C is Fig. 7
modified, and Fig. 12D is entirely new. The position of
the fibers shown would be the same even if the shoe
sole material is made of one uniform material or of other
layers than those shown here.

[0055] The use of the fiber strands, particularly
when woven, provides protection against penetration by
sharp objects, much like the fiber in radial automobile
tires. The fiber can be of any size, either individually or
in combination to form strands; and of any material with
the properties of relative inelasticity (to resist tension
forces) and flexibility. The strands of fiber can be short
or long, continuous or discontinuous. The fibers facili-
tate the capability of any shoe sole using them to be
flexible but hard under pressure, like the foot sole.
[0056] It should also be noted that the fibers used in
both the cover of insoles and the Dellinger Web is knit or
loosely braided rather than woven, which is not pre-
ferred, since such fiber strands are designed to stretch
under tensile pressure so that their ability to resist side-
ways deformation would be greatly reduced compared
to non-knit fiber strands that are individually (or in
twisted groups of yarn) woven or pressed into sheets.
[0057] Figures 13A-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. The fibrous capsule shell
could also directly envelope the surface of the cushion-
ing compartment, which is easier to construct, espe-
cially during assembly. Fig. 13E is a new figure showing
a fibrous capsule shell 191 that directly envelopes the
surface of a cushioning compartment 161; the shoe
sole structure is not fully contoured, like Fig. 13A, but
naturally contoured, like Fig. 10 of the '870 application,
which has a flat middle portion corresponding to the flat-
tened portion of a wearer's load-bearing toot sole.
[0058] Figure 13F shows a unique combination of
the Figs. 9 & 10 design of the applicant's '302 applica-
tion. The upper surface 165 and lower surface 166 con-
tain the cushioning compartment 161, which is
subdivided into two parts. The lower half of the cushion-
ing compartment 161 is both structured and functions
like the compartment shown in Fig. 9 of the '302 appli-

cation. The upper half is similar to Fig. 10 of the '302
application but subdivided into chambers 164 that are
more geometrically regular so that construction is sim-
pler; the structure of the chambers 164 can be of honey-
combed in structure. The advantage of this design is
that it copies more closely than the Fig. 9 design the
actual structure of the wearer's foot sole, while being
much more simple to construct than the Fig. 10 design.
Like the wearer's foot sole, the Fig. 13F design would be
relative soft and flexible in the lower half of the chamber
161, but firmer and more protective in the upper half,
where the mini-chambers 164 would stiffen quickly
under load-bearing pressure. Other multi-level arrange-
ments are also possible.

[0059] Figures 14A-D are Figs. 9A-D of the '870
application similarly modified to show the use of embed-
ded flexible inelastic fiber or fiber strands, woven or
unwoven, in various embodiments similar those shown
in Figs. 12A-D. Fig. 14E is a new figure showing a fron-
tal plane cross section of a fibrous capsule shell 191
that directly envelopes the surface of the midsole sec-
tion 188.
[0060] Figures 15A&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 farther up the side of the midsole.
[0061] The right side of Figs. 15A&B show the pre-
ferred embodiment, which is a relatively thin and taper-
ing portion of the bottom sole extending up most of the
midsole and is attached to the midsole and to the shoe
upper 21, which is also attached preferably first to the
upper midsole 147 where both meet at 3 and then
attached to the bottom sole where both meet at 4. The
bottom sole is also attached to the upper midsole 147
where they join at 5 and to the lower midsole 148 at 6.
[0062] The left side of Figs. 15A&B show a more
conventional attachment arrangement, where the shoe
sole is attached to a fully lasted shoe upper 21. The bot-
tom sole 149 is attached to: the lower midsole 148
where their surfaces coincide at 6, the upper midsole
147 at 5, and the shoe upper 21 at 7.
[0063] Fig. 15A shows a shoe sole like Fig. 9D of
the '870 application, but with a completely encapsulated
section 188 like Figs. 9A&B of that application; the
encapsulated section 188 is shown bounded by the bot-
tom sole 149 at line 8 and by the rest of the midsole 147
and 148 at line 9 . Fig. 15A shows more detail than prior
figures, including an insole (also called sockliner) 2,
which is contoured to the shape of the wearer's foot
sole, just like the rest of the shoe sole, so that the foot
sole is supported throughout its entire range of side-
ways motion, from maximum supination to maximum
pronation.
[0064] The insole 2 overlaps the shoe upper 21 at
14; this approach ensures that the load-bearing surface
of the wearer's foot sole does not come in contact with
any seams which could cause abrasions. Although only
the heel section is shown in this figure, the same insole
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structure would preferably be used elsewhere, particu-
larly the forefoot; preferably, the insole would coincide
with the entire load-bearing surface of the wearers foot
sole, including the front surface of the toes, to provide
support for front-to-back motion as well as sideways
motion.

[0065] The Fig. 15 design, like the Fig. 9 designs of
both the '302 and '870 applications, provides firm flexi-
bility by encapsulating fully or partially, roughly the mid-
dle section of the relatively thick heel of the shoe sole
(or of other areas of the sole, such as any or all of the
essential support elements of the foot, including the
base of the fifth metatarsal, the heads of the metatar-
sals, and the first distal phalange). The outer surfaces of
that encapsulated section or sections are allowed to
move relatively freely by not gluing the, encapsulated
section to the surrounding shoe sole.
[0066] Firmness in the Fig. 15 design is provided by
the high pressure created under multiples of body
weight loads during locomotion within the encapsulated
section or sections, making it relatively hard under
extreme pressure, roughly like the heel of the foot.
Unlike conventional shoe soles, which are relatively
inflexible and thereby create local point pressures, par-
ticularly at the outside edge of the shot sole, the Fig. 15
design tends to distribute pressure evenly throughout
the encapsulated section, so the natural biomechanics
of the wearer's foot sole are maintained and shearing
forces are more effectively dealt with.
[0067] In the Fig. 15A design, firm flexibility is pro-
vided by providing by encapsulating roughly the middle
section of the relatively thick heel of the shoe sole or
other areas of the sole, while allowing the outer surfaces
of that section to move relatively freely by not conven-
tionally gluing the encapsulated section to the surround-
ing shoe sole. Firmness is provided by the high
pressure created under body weight loads within the
encapsulated section, making it relatively hard under
extreme pressure, roughly like the heel of the foot,
because it is surrounded by flexible but relatively inelas-
tic materials, particularly the bottom sole 149 (and con-
necting to the shoe sole upper, which also can be
constructed by flexible and relatively inelastic material.
The same U structure is thus formed on a macro level
by the shoe sole that is constructed on a micro level in
the human foot sole, as described definitively by Erich
Blechschmidt in Foot and Ankle, March, 1982.
[0068] In summary, the Fig 15A design shows a
shoe construction for a shoe, comprising: a shoe sole
with at least one compartment under the structural ele-
ments of the human foot; the compartment containing a
pressure-transmitting medium composed of an inde-
pendent section of midsole material that is not firmly
attached to the shoe sole surrounding it; pressure from
normal load-bearing is transmitted progressively at
least in part to the relatively inelastic sides, top and bot-
tom of said shoe sole compartment, producing tension.
The Fig. 15A design can be combined with those of

Figs. 11-14 so that the compartment is surrounded by a
reinforcing layer of relatively flexible and inelastic fiber.

[0069] Figs. 15A&B shows constant shoe sole
thickness in frontal plane cross sections, but that thick-
ness can vary somewhat (up to roughly 25% in some
cases) in frontal plane cross sections, as previously
specified in the '478 application.
[0070] Fig. 15B shows a design just like Fig. 15A,
except that the encapsulated section is reduced to only
the load-bearing boundary layer between the lower mid-
sole 148 and the bottom sole 149. In simple tens, then,
most or all of the upper surface of the bottom sole and
the lower surface of the midsole are not attached, or at
least not firmly attached, where they coincide at line 8;
the bottom sole and midsole are firmly attached only
along the non-load-bearing sides of the midsole. This
approach is simple and easy. The load-bearing bound-
ary layer 8 like the internal horizontal sipe described in
the applicant's U.S. Application No. 07/539,870, filed 18
June 1990.
[0071] The sipe area 8 can be unglued, so that rel-
ative motion between the two surfaces is controlled only
by their structural attachment together at the sides. In
addition, the sipe area can be lubricated to facilitate rel-
ative motion between surfaces or lubricated a viscous
liquid that restricts motion, or the sipe area 8 can be
glued with a semi-elastic or semi-adhesive glue that
controls relative motion but still permits some; the semi-
elastic or semi-adhesive glue would then serve a shock
absorption function as well. Using The broad definition
of shoe sole sipes established in earlier applications,
the sipe can be a channel filled with flexible material like
that shown in Fig. 5 of the applicant's '579 application or
can be simply a thinner chamber than that shown in Fig.
9 of the '302 application.
[0072] In summary, the Fig 15B design shows a
shoe construction for a shoe, comprising: a shoe upper
and a shoe sole that has a bottom portion with sides
that are relatively flexible and inelastic; at least a portion
of the bottom sole sides firmly attach directly to the shoe
upper; shoe upper that is composed of material that is
flexible and relatively inelastic at least where the shoe
upper is attached to the bottom sole; the attached por-
tions enveloping the other sole portions of the shoe
sole; and The shoe sole having at least one horizontal
sips that is contained internally within the shoe sole.
The Fig 15B design can be combined with Figs. 11-14
to include a shoe sole bottom portion composed of
material reinforced with at least one fiber layer that is
relatively flexible and inelastic and that is oriented in the
horizontal plane;
[0073] The design shown in Fig. 16 is flat, conform-
ing to the shape of the ground like a more conventional
shoe sole, but otherwise retains the side structures
described in Figs. 15 A&B and retains the unattached
boundary layer between the bottom sole 149 and mid-
sole 148. Figure 16 shows a perspective view (the out-
side of a right shoe) of a flat shoe 20 incorporating the
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Fig. 15A design for the attachment of the bottom sole to
the shoe upper. Outwardly the shoe appears to be con-
ventional, with portions of the bottom sole 149 wrapped
up around and attached to the sides of the lower mid-
sole 148 and upper midsole 147; the bottom sole 149
also wraps around and is attached to the shoe upper 21,
like the structure of Fig. 5B, but applied to a flat conven-
tional shoe sole. The bottom sole 149 is shown wrap-
ping around the shoe midsole and upper at the
calcaneus 95, the base of the fifth metatarsal 97, the
head of the fifth metatarsal 96, and the toe area. The
same bottom sole wrapping approach can of course be
used with the applicant's Fig. 5 design and his other
contoured shoe sole designs.

[0074] Figs. 17A-D are Figs. 9A-D from the appli-
cant's U. S. Application No. 07/539,870 filed 18 June
1990 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 internal. Rela-
tive motion between internal surfaces is thereby made
possible to facilitate the natural deformation of the shoe
sole. The intent of the general invention shown in Fig.
17 is to create a similar but simplified and more conven-
tional version of the some of the basic principles used in
the unconventional and highly anthropomorphic inven-
tion shown in Figs. 9 and 10 of the prior application No.
'302, so that the resulting functioning is similar.
[0075] Fig. 17A shows a group of three lamination
layers, but unlike Fig. 18 (Fig. 6C of the '870 application)
the central layer 188 is not glued to the other surfaces in
contact with it; those surfaces are internal deformation
slits in the sagittal plane 181 and in the horizontal plane
182, which encapsulate the central layer 188, either
completely or partially. The relative motion between
lamination layers at the deformation slits 181 and 182
can be enhanced with lubricating agents, either wet like
silicone or dry like teflon, of any degree of viscosity;
shoe sole materials can be closed cell if necessary to
contain the lubricating agent or a non-porous surface
coating or layer can be applied. The deformation slits
can be enlarged to channels or any other practical geo-
metric shape as sipes defined in the broadest possible
tens.
[0076] The relative motion can be diminished by the
use of toughened surfaces or other conventional meth-
ods of increasing the coefficient of friction between lam-
ination layers. If even greater control of the relative
motion of the central layer 188 is desired, as few as one
or many more points can be glued together anywhere
on the internal deformation slits 181 and 182, making
them discontinuous; and the glue can be any degree of
elastic or inelastic.
[0077] In Fig. 17A, the outside structure of the sag-
ittal plane deformation sipes 181 is the shoe upper 21,
which is typically flexible and relatively inelastic fabric or
leather. In the absence of any connective outer material

like the shoe upper shown in Fig. 17A or the elastic
edge material 180 of Fig. 18, just the outer edges of the
horizontal plane detonation sipes 182 can be glued
together.

[0078] Fig. 17B shows another conventional shoe
sole in frontal plane cross section at the heel with a
combination similar to Fig. 17A of both horizontal and
sagittal plane deformation sipes that encapsulate a cen-
tral section 188. Like Fig. 17A, the Fig. 17B structure
allows the relative motion of the central section 188 with
its encapsulating outer midsole section 184, which
encompasses its sides as well as the top surface, and
bottom sole 128, both of which are attached at their
common boundaries 183.
[0079] This Fig. 17B approach is analogous to that
in Fig. 9 of the prior application No. '302 and this appli-
cation, which is the applicant's fully contoured shoe sole
invention with an encapsulated midsole chamber of a
pressure-transmitting medium like silicone; in this con-
ventional shoe sole case, however, the pressure-trans-
mitting medium is a more conventional section of typical
shoe cushioning material like PV or EVA, which also
provides cushioning.
[0080] Fig. 17C is also another conventional shoe
sole in frontal plane cross section at the heel with a
combination similar to Figs. 17A and 17B of both hori-
zontal and sagittal plane deformation sipes. However,
instead of encapsulating a central section 188, in Fig.
17C an upper section 187 is partially encapsulated by
deformation sipes so that it acts much like the central
section 188, but is more stable and more closely analo-
gous to the actual structure of the human foot.
[0081] That structure was applied to shoe sole
structure in Fig. 10 of prior application No. '302 and this
application; the upper section 187 would be analogous
to the integrated mass of fatty pads, which are U shaped
and attached to the calcaneus or heel bone; similarly,
the shape of the deformation sipes is U shaped in Fig.
17C and the upper section 187 is attached to the heel
by the shoe upper, so it should function in a similar fash-
ion to the aggregate action of the fatty pads. The major
benefit of the Fig. 17C invention is that the approach is
so much simpler and therefore easier and faster to
implement than the highly complicated anthropomor-
phic design shown Fig. 10 of '302 and this application.
[0082] An additional note on Fig. 17C: the midsole
sides 185 are like the side portion of the encapsulating
midsole 184 in Fig. 17B.
[0083] Fig. 17D shows in a frontal plane cross sec-
tion at the heel a similar approach applied to the appli-
cant's fully contoured design. Fig. 17D is like Fig. 9A of
prior application No. '302 and this application, with the
exception of the encapsulating chamber and a different
variation of the attachment of the shoe upper to the bot-
tom sole.
[0084] The left side of Fig. 17D shows a variation of
the encapsulation of a central section 188 shown in Fig.
17B, but the encapsulation is only partial, with a center
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upper section of the central section 188 either attached
or continuous with the upper midsole equivalent of 184
in Fig. 17B.

[0085] The right side of Fig. 17D shows a structure
of deformation sipes like that of Fig. 17C, with the upper
midsole section 187 provided with the capability of mov-
ing relative to both the bottom sole and the side of the
midsole. The Fig. 17D structure varies from that of Fig.
17C also in that the deformation sipe 181 in roughly the
sagittal plane is partial only and does not extend to the
upper surface 30 of the midsole 127, as does Fig. 17C.
[0086] Fig. 18 is Fig. 6C of the '870 application and
shows, in frontal plane cross section at the heel, a simi-
lar conventional shoe sole structure horizontal plane
deformation sipes 152 extending all the way from one
side of the shoe sole to the other side, either coinciding
with lamination layers -- heel wedge 38, midsole 127,
and bottom sole 128 -- in older methods of athletic shoe
sole construction or molded in during the more modern
injection molding process. The point of the Fig. 18
design is that, if the laminated layers which are conven-
tionally glued together in a rigidly fixed position can
instead undergo sliding motion relative to each other,
then they become flexible enough to conform to the ever
changing shape of the foot sole in motion while at the
same time continuing to provide about the same degree
of necessary direct structural support.
[0087] Such separated lamination layers would be
held together only at the outside edge by a layer of elas-
tic material or fabric 180 bonded to the lamination layers
38, 127 and 128, as shown on the left side of Fig. 18.
The elasticity of the edge layer 180 should be sufficient
to avoid inhibiting significantly the sliding motion
between the lamination layers. The elastic edge layer
180 can also be used with horizontal deformation slits
152 that do not extend completely across the shoe sole,
like those of Figs. 6A and 6B of the '870 application, and
would be useful in keeping the outer edge together,
keeping it from flapping down and catching on objects,
thus avoiding tripping. The elastic layer 180 can be con-
nected directly to the shoe upper, preferably overlap-
ping it.
[0088] The deformation slit structures shown in
conventional shoe soles in Fig. 18 can also be applied
to the applicant's quadrant sides, naturally contoured
sides and fully contoured sides inventions, including
those with greater or lesser side thickness, as well as to
other shoe sole structures in his other prior applications
already cited.
[0089] If the elastic edge layer 180 is not used, or in
conjunction with its use, the lamination layers can be
attached with a glue or other connecting material of suf-
ficient elasticity to allow the shoe sole to deformation
naturally like the foot.
[0090] Fig. 19 show the upper surface of the bottom
sole 149 (unattached) of the right shoe shown in per-
spective in Figure 16. The bottom sole can be conven-
tional, with a flat section surrounded by the border 17

and with sides that attach to the sides of the midsole in
the calcaneus (heel) area 95, the base of the fifth meta-
tarsal 97, the heads of the first and fifth metatarsal 96,
and the toe area 98. The outer periphery of the bottom
sole 148 is indicated by line 19. As stated before, the
material of the bottom sole can be fabric reinforced. The
sides can be continuous, as shown by the dashed lines
99, or with other areas enlarged or decreased, or
merged; preferably, the sides will be as shown, to sup-
port the essential structural support and propulsion ele-
ments, which were defined in the applicants '667
application as the base and lateral tuberosity of the cal-
caneus 95, the heads of the metatarsals 96, and the
base of the fifth metatarsal 97, and the head of the first
distal phalange 98.

[0091] The bottom sole 149 of Fig. 19 can also be
part of the applicant's naturally contoured shoe sole 28,
wherein the border of the flat section would be the
peripheral extent 36 of the load-bearing portion of the
upright foot sole of the wearer and the sides of the shoe
sole are contoured as defined in the applicant's '667
and '478 applications. The bottom sole 149 of Fig. 19
can also be used in the fully contoured versions
described in Fig. 15 of the '667 application.
[0092] Figure 20 shows the Fig. 19 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. 15 design shown
preceding which uses sipes 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.
Note that the general area indicated by 18, where met-
atarsal pads are typically positioned to support the sec-
ond metatarsal, would be glued or firmly attached to
provided extra support in that area similar to well sup-
ported conventional shoe soles and that the whole
glued or firmly attached instep area functions much like
a semi-rigid shank in a well supported conventional
shoe sole. Note also that sipes can be slits or channels
filled with flexible material and have been broadly
defined in prior applications. A major advantage of the
Fig. 20 design, and those of subsequent Figs. 21-28, is
that the shock-absorbing cushioning effect of the sole is
significantly enhanced, so that less thickness and there-
fore weight is required,
[0093] Figure 21 shows a similar bottom sole struc-
ture 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.
[0094] Figure 22 shows a similar bottom sole struc-
ture 149, but with both the fore foot section 126 and the
base of the fifth metatarsal section 97 unglued or not
firmly attached, with all other portions (or at least most)
glued or firmly attached.
[0095] Figure 23 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. 18. The areas under the
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forefoot 126', heel 125', and base of the fifth metatarsal
97' would not be glued or attached firmly, while the other
area (or most of it) would be glued or firmly attached.
Fig. 23 also shows a modification of the outer periphery
of the convention shoe sole 17: the typical indentation at
the base of the fifth metatarsal is removed, replaced by
a fairly straight line 100.

[0096] Figure 24 shows a similar structure to Fig.
23, 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.
[0097] Figure 25 shows a similar structure to Fig.
24, 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.
[0098] Figure 26 shows a similar structure to Fig.
25, but with each of the two major forefoot areas further
subdivided into individual metatarsal and individual
phalange. Both this structure and that of Fig. 25 could
be used with the Fig. 21 design.
[0099] Figure 27 shows a similar structure to Fig.
21, but with the forefoot area 126 enlarged beyond the
border 17 of the flat section of the bottom sole. This
structure corresponds to that shown in Figs. 15 A&B,
which show the unattached section 8 extending out
through most of the contoured side. That structure has
an important function, which is to facilitate the natural
deformation of the shoe sole under weight bearing
loads, so that it can flatten in parallel to the flattening of
the wearer's foot sole under the same loads. The
designs shown in Figs. 20 and 22 could be modified
according to the Fig. 27 structure.
[0100] Figure 28 shows a similar structure to Fig.
27, but with an additional section 127 in the heel area
where outer sole wear is typically excessive. It should
be noted that many other configurations of glued and
unglued areas (or firmly and not firmly attached) are
possible that would be improvements over existing shoe
sole structures, but are not shown due to their number.
[0101] Figures 29A&B show the full range of side-
ways motion of the foot. Fig. 29A shows the range in the
calcaneal or heel area, where the range is determined
by the subtalar ankle joint. The typical average range is
from about 10 degrees of eversion during load-bearing
pronation motion to about 20 degrees of inversion dur-
ing load-bearing supination motion.
[0102] Fig. 29B shows the much greater range of
sideways motion in the forefoot, where the range is from
about 30 degrees eversion during pronation to about 45
degrees inversion during supination.
[0103] This large increase in the range of motion
from the heel area to the forefoot area indicates that not
only does the supporting shoe sole need generally to be
relatively wider than is conventional, but that the
increase is relatively greater in instep and forefoot area
than in the heel area.
[0104] Figure 29C compares the footprint made by

a conventional shoe 35 with the relative positions of the
wearer's right foot sole in the maximum supination posi-
tion 37a and the maximum pronation position 37b. Fig-
ure 29C reinforces the Fig. 29A&B indication that more
relative sideways motion occurs in the forefoot and mid-
foot, than in the heel area.

[0105] As shown in Fig. 29C, at the extreme limit of
supination and pronation foot motion, the calcaneus 19
and the lateral calcaneal tuberosity 9 roll slightly off the
sides of the shoe sole outer boundary 35. However, at
the same extreme limit of supination, the base of the
fifth metatarsal 16 and the head of the fifth metatarsal
15 and the fifth distal phalange all have rolled com-
pletely off the outer boundary 35 of the shoe sole.
[0106] Figure 29D shows an overhead perspective
of the actual bone structures of the foot that are indi-
cated in Fig. 29A.
[0107] Figure 30A-D shows the implications of rela-
tive difference in range of motions between forefoot,
midfoot, and heel areas on the applicant's naturally con-
toured sides invention introduced in his '667 application
filed 2 September 1988. Fig. 30A-D is a modification of
Fig. 7 of the '667 application, with the left side of the fig-
ures showing the required range of motion for each
area.
[0108] Fig. 30A shows a cross section of the fore-
foot area and therefore on the left side shows the high-
est contoured sides (compared to the thickness of the
shoe sole in the forefoot area) to accommodate the
greater forefoot range of motion. The contoured side is
sufficiently high to support the entire range of motion of
the wearer's foot sole. Note that the sockliner or insole 2
is shown.
[0109] Fig. 30B shows a cross section of the mid-
foot area at about the base of the fifth metatarsal, which
has somewhat less range of motion and therefore the
contoured sides are not as high (compared to the thick-
ness of the shoe sole at the midfoot). Fig. 30c shows a
cross section of the heel area, where the range of
motion is the least, so the height of the contoured sides
is relatively least of the three general areas (when com-
pared to the thickness of the shoe sole in the heel area).
[0110] Each of the three general areas, forefoot,
midfoot and heel, have contoured sides that differ rela-
tive to the high of those sides compared to the thickness
of the shoe sole in the same area. At the same time,
note that the absolute height of the contoured sides is
about the same for all three areas and the contours
have a similar outward appearance, even though the
actual structure differences are quite significant as
shown in cross section.
[0111] In addition, the contoured sides shown in
Fig. 30A-D can be abbreviated to support only those
essential structural support and propulsion elements
identified in Fig. 21 of the applicant's '667 application,
shown here as Fig. 30E. The essential structural sup-
port elements are the base and lateral tuberosity of the
calcaneus 95, the heads of the metatarsals 96, and the
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base of the fifth metatarsal. The essential propulsion
element is the head of the first distal phalange 98.

[0112] Figure 31 is similar to Fig. 8 of the appli-
cant's U.S. Application No. 07/ 608,748, filed November
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. However, while covering that full range of
motion, it is possible to abbreviate the contoured sides
of the shoe sole to only the essential structural and pro-
pulsion elements of the foot sole, as previously dis-
cussed here, and as originally defined in the applicant's
'667 Application in the textual specification describing
Fig. 21 of that application.
[0113] Figure 32 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 Figs. 29A & 31; the forces were meas-
ured during a standing simulation of the most common
ankle spraining position. The maximum force was
focused at the head of the fifth metatarsal and the sec-
ond highest force was focused at the base of the fifth
metatarsal. Forces in the heel area were substantially
less overall and less focused at any specific point.
[0114] Fig. 32 indicates that, among the essential
structural support and propulsion elements previously
defined in the '667 application, there are relative
degrees of importance. In terms of preventing ankle
sprains, the most common athletic injury (about two-
thirds occur in the extreme supination position 37a
shown in Figs. 29a and 31), Fig. 32 indicates that the
head of the fifth metatarsal 15 is the most critical single
area that must be supported by a shoe sole in order to
maintain barefoot-like lateral stability. Fig. 32 indicates
that the base of the fifth metatarsal 16 is very close to
being as important. Fig. 29A indicates that both the
base and the head of the fifth metatarsal are completely
unsupported by a conventional shoe sole.
[0115] Figures 33A-K show shoe soles with only
one or more, but not all, of the essential stability ele-
ments defined in the '667 application (the use of all of
which is still preferred) but which, based on Fig. 32, still
represent major stability improvements over existing
footwear. This approach of abbreviating structural sup-
port to a few elements has the economic advantage of
being capable of construction using conventional flat
sheets of shoe sole material, since the individual ele-
ments can be bent up to the contour of the wearer's foot
with reasonable accuracy and without difficulty.
Whereas a continuous naturally contoured side that
extends all of, or even a significant portion of, the way
around the wearer's foot sole would buckle partially
since a flat surface cannot be accurately fitted to a con-
toured surface; hence, injection molding is required for
accuracy.
[0116] The Fig. 33A-K designs can be used in com-
bination with the designs shown earlier, particularly in
Figs. 19-22 and Figs. 27 & 28.
[0117] Figure 33A shows a shoe sole with an other-

wise conventional periphery 35 to which has been
added the single most critical stability correction 96a to
support the head of the fifth metatarsal 15. Indeed, as
indicated in Fig. 32, the use of this support 96a to the
head of the fifth metatarsal is mandatory to provide lat-
eral stability similar to that of the barefoot; without sup-
port at this point the foot will be unstable in lateral or
inversion motion. This additional shoe sole portion,
even if used alone, should substantially reduce lateral
ankle sprains and greatly improve stability compared to
existing shoes. Preferably, the additional shoe sole por-
tion 96a would take the form a naturally contoured side
according to the applicant's '667 and '478 applications;
briefly, conforming to the shape of the wearer's foot
sole, deforming in parallel with it, and maintaining a
thickness in frontal plane cross sections that is either
constant or varying within a range of about 25 percent.

[0118] The degree to which the Fig. 33A design,
and the subsequent Fig. 33 designs, preserves the nat-
urally firm stability of the wearer's barefoot can be
tested in a manner similar to the standing sprain simula-
tion test first introduced in the applicant' U.S. Patent
Number 4,989,349, filed July 15, 1988 and issued Feb-
ruary 5, 1991, page 1, lines 31-68, and discussed in
more detail in subsequent applications. For the Fig. 33
designs that include only forefoot stability supports (all
except Figs. 33B & 33M), the comparative ankle sprain
simulation test can be performed with only the forefoot
in load-bearing contact with the ground. For example,
the Fig. 33A design maintains stability like the barefoot
when tilted out sideways to the extreme limit of its range
of motion
[0119] In summary, the Fig. 33A design shows a
shoe construction for a shoe, comprising: a shoe sole
including a side that conforms to the shape of the load-
bearing portion of the wearer's foot sole, including its
sides, at the head of the fifth metatarsal, whether under
a load or unloaded; the shoe sole maintaining constant
thickness in frontal plane cross sections; the shoe sole
deforming under load and flattening just as does the
wearer's foot sole under the same load.
[0120] Figure 33B shows a shoe sole similar to Fig;
33A, but with the only additional shoe sole portion being
a stability correction 97 to support the base of the fifth
metatarsal 16. Given the existing practice of indenting
the shoe sole in the area of the fifth metatarsal base,
adding this correction by itself can have a very substan-
tial impact in improving lateral stability compared to
existing shoes, since Fig. 32 shows that the base of the
fifth metatarsal is critical in extreme inversion motion.
[0121] However, the importance of the base of the
fifth metatarsal is limited somewhat by the fact that in
some phases of locomotion, such as the toe-off phase
during walking and running, the foot is partially plantar-
flexed and supinated with only the forefoot in contact
with the ground (a situation that would exist even if the
foot were bare), so that the base of the fifth metatarsal
would not be naturally supported then even by the

29 30

5

10

15

20

25

30

35

40

45

50

55



EP 1 002 475 A1

17

ground. As the foot becomes more plantar-flexed, its
instep area becomes rigid through the functional locking
of the subtalar and midtarsal joints; in contrast, those
joints are unlocked when the foot is in a neutral load-
bearing position on the ground. Consequently, when the
foot is artificially plantar-flexed by the conventional shoe
heel or lift, especially in the case of women's high
heeled shoes, support for the base of the fifth metatar-
sal becomes less important relatively, so long as the
head of the fifth metatarsal is fully supported during lat-
eral motion, as shown in the Fig. 33A design.

[0122] Figure 33C shows a shoe sole similar to
Figs. 33A&B, but combining both stability corrections
96a and 97, with the dashed line surrounding the fifth
distal phalange 14 representing an optional additional
support.
[0123] Figure 33D shows a shoe sole similar to
Figs. 33A-C, but with a single stability correction 96a
that supports both the head of the fifth metatarsal 15
and the fifth distal phalange 14.
[0124] Figure 33E show the single most important
correction on the medial side (or inside) of the shoe
sole: a stability correction 96b at the head of the first
metatarsal 10; Figs. 33A-D have shown lateral correc-
tions. Just as the Fig. 33A design is mandatory to pro-
viding lateral support like that of the barefoot, the Fig.
33E design is mandatory to provide medial support like
that of the barefoot: without support at this point the foot
will be unstable in medial or eversion motion. Eversion
or medial ankle sprains where the foot turns to the
inside account for about one third of all that occur, and
therefore this single correction will substantially improve
the medial stability of the shoe sole.
[0125] Figure 33F shows a show sole similar to Fig.
33E, but with an additional stability correction 98 at the
head of the first distal phalange 13.
[0126] Figure 33G shows a shoe sole combining
the additional stability corrections 96a, 96b, and 98
shown in Figs. 33D&F, supporting the first and fifth met-
atarsal heads and distal phalange heads. The dashed
line 98' represents a symmetrical optional stability addi-
tion on the lateral side for the heads of the second
through fifth distal phalanges, which are less important
for stability.
[0127] Figure 33H shows a shoe sole with symmet-
rical stability additions 96a and 96b. Besides being a
major improvement in stability over existing footwear,
this design is aesthetically pleasing and could even be
used with high heel type shoes, especially those for
women, but also any other form of footwear where there
is a desire to retain relatively conventional looks or
where the shear height of the heel or heel lift precludes
stability side corrections at the heel or the base of the
fifth metatarsal because of the required extreme thick-
ness of the sides. This approach can also be used
where it is desirable to leave the heel area conventional,
since providing both firmness and flexibility in the heel is
more difficult that in other areas of the shoe sole since

the shoe sole thickness is usually much greater there;
consequently, it is easier, less expensive in terms of
change, and less of a risk in departing from well under-
stood prior art just to provide additional stability correc-
tions to the forefoot and/or base of the fifth metatarsal
area only.

[0128] Since the shoe sole thickness of the forefoot
can be kept relatively thin, even with very high heels, the
additional stability corrections can be kept relatively
inconspicuous. They can even be extended beyond the
load-bearing range of motion of the wearer's foot sole,
even to wrap all the way around the upper portion of the
foot in a strictly ornamental way (although they can also
play a part in the shoe upper's structure), as a modifica-
tion of the strap, for example, often seen on conven-
tional loafers.
[0129] Figures 33I&J show perspective views of
typical examples of the extreme case, women's high
heel pumps. Fig. 33I shows a conventional high heel
pump without modification. Fig. 33J shows the same
shoe with an additional stability correction 96a. It should
be noted that it is preferable for the base of the fifth met-
atarsal to be structurally supported by a stiff shank-like
structure in the instep area of the shoe sole, as is com-
mon in well-make women's shoes, so that the base of
the fifth metatarsal is well supported even though not in
direct structural support of the ground (meaning sup-
porting shoe sole material between the ground and the
base of the fifth metatarsal), as would be preferred gen-
erally.
[0130] The use of additional stability corrections in
high heel shoes can be combined with the designs
shown in Figs. 20-27. Thus, even relatively thin forefoot
soles can provide excellent protection and comfort, as
well as dramatically improved stability.
[0131] Figure 33K shows a shoe sole similar to that
in Fig. 33H, but with the head of the fifth distal phalange
14 unsupported by the additional stability correction
96a.
[0132] Figure 33L shows a shoe sole with an addi-
tional stability correction in a single continuous band
extending all the way around the forefoot area. This is
not preferable, but can be acceptable if the shoe sole is
thin in the forefoot area so it can buckle as necessary
when the forefoot flexes naturally, as discussed under
Fig. 33M following.
[0133] Figure 33M shows a shoe sole similar to the
Figs. 33A-G and 33K&L, but showing additional stability
correction 97, 96a and 96b, but retaining a conventional
heel area. The dashed line around the big toe 13 indi-
cates that a wider last with a bigger toe box can be used
to partially correct the problem solved with the addi-
tional stability correction 98 of Figs. 33F&G.
[0134] The major flex axis indicated between the
head of the first metatarsal and the head of the first dis-
tal phalange makes preferable an abbreviation of the
stability side corrections 96b and 98 so that the normal
flexibility of the wearer's foot can be maintained. This is
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a critical feature: if the naturally contoured stability cor-
rection extends through the indicated major flex axis,
the natural motion of the foot will be obstructed. If any
naturally contoured sides extended through the major
flex axis, they would have to buckle for the shoe sole to
flex along the indicated major axis. Natural flexibility is
especially important on the medial or inside because
the first metatarsal head and distal phalange are among
the most critical load-bearing structures of the foot.

[0135] Figure 34 shows a conventional athletic
shoe in cross section at the heel, with a conventional
shoe sole 22 having essentially flat upper and lower sur-
faces and having both a strong heel counter 141 and an
additional reinforcement in the form of motion control
device 142. Fig. 34 specifically illustrates when that
shoe is tilted outward laterally in 20 degrees of inversion
motion at the normal natural limit of such motion in the
barefoot. Fig. 34 demonstrates that the conventional
shoe sole 22 functions as an essentially rigid structure
in the frontal plane, maintaining its essentially flat, rec-
tangular shape when tilted and supported only by its
outside, lower corner edge 23, about which it moves in
rotation on the ground 43 when tilted. Both heel counter
141 and motion control device 142 significantly
enhance and increase the rigidity of the shoe sole 22
when tilted. All three structures serve to restrict and
resist deformation of the shoe sole 22 under normal
loads, including standing, walking and running. Indeed,
the structural rigidity of most conventional street shoe
materials alone, especially in the critical heel area, is
usually enough to effectively prevent deformation.
[0136] Figure 35 shows a similar heel cross section
of a barefoot tilted outward laterally at the normal 20
degree inversion maximum. In marked contrast to Fig.
34, Fig. 35 demonstrates that such normal tilting motion
in the barefoot is accompanied by a very substantial
amount of flattening deformation of the human foot sole,
which has a pronounced rounded contour when
unloaded, as will be seen ,in foot sole surface 29 later in
Fig. 43.
[0137] Fig. 35 shows that in the critical heel area
the barefoot maintains almost as great a flattened area
of contact with the ground when tilted at its 20 degree
maximum as when upright, as seen later in Fig 36. In
complete contrast, Fig. 34 indicate clearly that the con-
ventional shoe sole changes in an instant from an area
of contact with the ground 43 substantially greater than
that of the barefoot, as much as 100 percent more when
measuring in roughly the frontal plane, to a very narrow
edge only in contact with the ground, an area of contact
many times less than the barefoot. The unavoidable
consequence of that difference is that the conventional
shoe sole is inherently unstable and interrupts natural
foot and ankle motion, creating a high and unnatural
level of injuries, traumatic ankle sprains in particular and
a multitude of chronic overuse injuries.
[0138] This critical stability difference between a
barefoot and a conventional shoe has been dramatically

demonstrated in the applicant's new and original ankle
sprain simulation test described in detail in the appli-
cant's earlier U. S. patent application 07/400,714, filed
on August 30, 1989 and was referred to also in both of
his earlier applications previously noted here.

[0139] Fig. 36 shows, in frontal plane cross section
at the heel, the applicant's prior invention of pending
U.S. application No. 07/424,509, filed October 20, 1989,
the most clearcut benefit of which is to provide inherent
stability similar to the barefoot in the ankle sprain simu-
lation test mentioned above.
[0140] It does so by providing conventional shoe
soles with sufficient flexibility to deform in parallel with
the natural deformation of the foot. Fig. 36A indicates a
conventional shoe sole into which have been introduced
deformation slits 151, also called sipes, which are
located optimally in the vertical plane and on the long
axis of the shoe sole, or roughly in the sagittal plane,
assuming the shoe is oriented straight ahead.
[0141] The deformation slits 151 can vary in
number beginning with one, since even a single defor-
mation slit offers improvement over an unmodified shoe
sole, though obviously the more slits are used, the more
closely can the surface of the shoe sole coincide natu-
rally with the surface of the sole of the foot and deform
in parallel with it. The space between slits can vary, reg-
ularly or irregularly or randomly. The deformation slits
151 can be evenly spaced, as shown, or at uneven inter-
vals or at unsymmetrical intervals. The optimal orienta-
tion of the deformation slits 151 is coinciding with the
vertical plane, but they can also be located at an angle
to that plane.
[0142] The depth of the deformation slits 151 can
vary. The greater the depth, the more flexibility is pro-
vided. Optimally, the slit depth should be deep enough
to penetrate most but not all of the shoe sole, starting
from the bottom surface 31, as shown in Fig. 36A.
[0143] A key element in the applicant's invention is
the absence of either a conventional rigid heel counter
or conventional rigid motion control devices, both of
which significantly reduce flexibility in the frontal plane,
as noted earlier in Fig. 34, in direct proportion to their
relative size and rigidity. If not too extensive, the appli-
cant's prior sipe invention still provide definite improve-
ment.
[0144] Finally, it is another advantage of the inven-
tion to provide flexibility to a shoe sole even when the
material of which it is composed is relatively firm to pro-
vide good support; without the invention, both firmness
and flexibility would continue to be mutually exclusive
and could not coexist in the same shoe sole.
[0145] Figure 37 shows, in frontal plane cross sec-
tion at the heel, the applicant's prior invention of pend-
ing U.S. application No. 07/424,509, filed October 20,
1989, showing the clearcut advantage of using the det-
onation slits 151 introduced in Fig 36. With the substitu-
tion of flexibility for rigidity in the frontal plane, the shoe
sole can duplicate virtually identically the natural defor-
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mation of the human foot, even when tilted to the limit of
its normal range, as shown before in Fig. 35. The natu-
ral deformation capability of the shoe sole provided by
the applicant's prior invention shown in Fig. 37 is in
complete contrast to the conventional rigid shoe sole
shown in Fig. 34, which cannot deform naturally and
has virtually no flexibility in the frontal plane.

[0146] It should be noted that because the deforma-
tion sipes shoe sole invention shown in Figs. 36 and 37,
as well as other structures shown in the '509 application
and in this application, allows the deformation of a mod-
ified conventional shoe sole to parallel closely the natu-
ral deformation of the barefoot, it maintains the natural
stability and natural, uninterrupted motion of the bare-
foot throughout its normal range of sideways pronation
and supination motion.
[0147] Indeed, a key feature of the applicant's prior
invention is that it provides a means to modify existing
shoe soles to allow them to deform so easily, with so lit-
tle physical resistance, that the natural motion of the
foot is not disrupted as it deforms naturally. This surpris-
ing result is possible even though the flat, roughly rec-
tangular shape of the conventional shoe sole is retained
and continues to exist except when it is deformed, how-
ever easily.
[0148] It should be noted that the deformation sipes
shoe sole invention shown in Figs. 36 and 37, as well as
other structures shown in the '509 application and in this
application, can be incorporated in the shoe sole struc-
tures described in the applicant's pending U.S. applica-
tion No. 07/469,313, as well as those in the applicant's
earlier applications, except where their use is obviously
precluded. Relative specifically to the '313 application,
the deformation sipes can provide a significant benefit
on any portion of the shoe sole that is thick and firm
enough to resist natural deformation due to rigidity, like
in the forefoot of a negative heel shoe sole.
[0149] Note also that the principal function of the
deformation sipes invention is to provide the otherwise
rigid shoe sole with the capability of deforming easily to
parallel, rather than obstruct, the natural deformation of
the human foot when load-bearing and in motion, espe-
cially when in lateral motion and particularly such
motion in the critical heel area occurring in the frontal
plane or, alternately, perpendicular to the subtalar axis,
or such lateral motion in the important base of the fifth
metatarsal area occurring in the frontal plane. Other
sipes exist in some other shoe sole structures that are in
some ways similar to the deformation sipes invention
described here, but none provides the critical capability
to parallel the natural deformation motion of the foot
sole, especially the critical heel and base of the fifth
metatarsal, that is the fundamental process by which
the lateral stability of the foot is assured during prona-
tion and supination motion. The optimal depth and
number of the deformation sipes is that which gives the
essential support and propulsion structures of the shoe
sole sufficient flexibility to deform easily in parallel with

the natural deformation of the human foot.

[0150] Finally, note that there is an inherent engi-
neering trade-off between the flexibility of the shoe sole
material or materials and the depth of deformation
sipes, as well as their shape and number; the more rigid
the sole material, the more extensive must be the defor-
mation sipes to provide natural deformation.
[0151] Figure 38 shows, in a portion of a frontal
plant cross section at the heel, Fig. 9B of the applicant's
prior invention of pending U.S. application No.
07/424,509, filed October 20, 1989, showing the new
deformation slit invention applied to the applicant's nat-
urally contoured side invention, pending in U.S. applica-
tion No. 07/239,667. The applicant's deformation slit
design is applied to the sole portion 28b in Fig. 4B, 4C,
and 4D of the earlier application, to which are added a
portion of a naturally contoured side 28a, the outer sur-
face of which lies along a theoretically ideal stability
plane 51.
[0152] Fig. 38 also illustrates the use of deformation
slits 152 aligned, roughly speaking, in the horizontal
plane, though these planes are bent up, paralleling the
sides of the foot and paralleling the theoretically ideal
stability plane 51. The purpose of the deformation slits
152 is to facilitate the flattening of the naturally con-
toured side portion 28b, so that it can more easily follow
the natural deformation of the wearer's foot in natural
pronation and supination, no matter how extreme. The
deformation slits 152, as shown in Fig. 38 would, in
effect, coincide with the lamination boundaries of an
evenly spaced, three layer shoe sole, even though that
point is only conceptual and they would preferably be of
injection molding shoe sole construction in order to hold
the contour better.
[0153] The function of deformation slits 152 is to
allow the layers to slide horizontally relative to each
other, to ease deformation, rather than to open up an
angular gap as detonation slits or channels 151 do func-
tionally. Consequently, deformation slits 152 would not
be glued together, just as deformation slits 152 are not,
though, in contrast, deformation slits 152 could be glued
loosely together with a very elastic, flexible glue that
allows sufficient relative sliding motion, whereas it is not
anticipated, though possible, that a glue or other
deforming material of satisfactory consistency could be
used to join deformation slits 151.
[0154] Optimally, deformation slits 152 would paral-
lel the theoretically ideal stability plane 51, but could be
at an angle thereto or irregular rather than a curved
plane or flat to reduce construction difficulty and there-
fore cost of cutting when the sides have already been
cast.
[0155] The deformation slits 152 approach can be
used by themselves or in conjunction with the shoe sole
construction and natural deformation outlined in Fig. 9
of pending U.S. application No. 07/400,714.
[0156] The number of deformation slits 152 can
vary like deformation slits 151 from one to any practical
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number and their depth can vary throughout the con-
toured side portion 28b. It is also possible, though not
shown, for the deformation slits 152 to originate from an
inner gap between shoe sole sections 28a and 28b, and
end somewhat before the outside edge 53a of the con-
toured side 28b.

[0157] Fig. 39A shows, in a frontal plane cross sec-
tion at the heel, a shoe sole with a combination like Fig.
38 of both sagittal plane deformation slits 151 and hori-
zontal plane deformation slits 152. It shows deformation
slits 152 in the horizontal plane applied to a conven-
tional shoe having a sole structure with moderate side
flare and without either reinforced heel counter or other
motion control devices that would obstruct the natural
deformation of the shoe sole. The deformation slits 152
can extend all the way around the periphery of the shoe
sole, or can be limited to one or more anatomical areas
like the heel, where the typically greater thickness of the
shoe sole otherwise would make deformation difficult;
for the same reason, a negative heel shoe sole would
need deformation enhancement of the thicker forefoot.
[0158] Also shown in Fig. 39A is a single deforma-
tion slit 151 in the sagittal plane extending only through
the bottom sole 128; even as a minimalist structure,
such a single deformation sipe, by itself alone, has con-
siderable effect in facilitating natural deformation, but it
can enlarged or supplemented by other sipes. The low-
est horizontal slit 152 is shown located between the bot-
tom sole 128 and the midsole 127.
[0159] Fig. 39B shows, in frontal plane cross sec-
tion at the heel, a similar conventional shoe sole struc-
ture with more and deeper deformation slits 152, which
can be used without any deformation slits 151.
[0160] The advantage of horizontal plane deforma-
tion slits 152, compared to sagittal plane deformation
slits 151, is that the normal weight-bearing load of the
wearer acts to force together the sections separated by
the horizontal slits so that those sections are stabilized
by the natural compression, as if they were glued
together into a single unit, so that the entire structure of
the shoe sole reacts under compression much like one
without deformation slits in terms of providing a roughly
equivalent amount of cushioning and protection. In
other words, under compression those localized sec-
tions become relatively rigidly supporting while flattened
out directly under the flattened load-bearing portion of
the foot sole, even though the deformation slits 152
allow flexibility like that of the foot sole, so that the shoe
sole does not act as a single lever as discussed in Fig
34.
[0161] In contrast, deformation sipes 151 are paral-
lel to the force of the load-bearing weight of the wearer
and therefore the shoe sole sections between those
sipes 151 are not forced together directly by that weight
and stabilized inherently, like slits 152. Compensation
for this problem in the form of firmer shoe sole material
than are used conventionally may provide equivalently
rigid support, particularly at the sides of the shoe sole,

or deformation slits 152 may be preferable at the sides.

[0162] Fig. 40 shows, in frontal plane cross section
at the heel, a conventional shoe with horizontal plane
deformation slits 152 with the wearers right foot inverted
20 degrees to the outside at about its normal limit of
motion. Fig. 40 shows how the use of horizontal plane
deformation slits 152 allows the natural motion of the
foot to occur without obstruction. The attachments of
the shoe upper are shown conventionally, but it should
be noted that such attachments are a major cause of
the accordion-like effect of the inside edge of the shoe
sole. If the attachments on both sides were move inward
closer to the center of the shoe sole, then the slit areas
would not be pulled up, leaving the shoe sole with hori-
zontal plane deformation slits laying roughly flat on the
ground with a convention, un-accordion-like appear-
ance.
[0163] Fig. 41 shows, again in frontal plane cross
section at the heel, a conventional shoe sole structure
with deformation slits 152 enlarged to horizontal plane
channels, broadening the definition to horizontal plane
deformation sipes 152, like the very broad definition
given to sagittal plane deformations sipes 151 in both
earlier applications, Nos. '509 and '579. In contrast to
sagittal plane deformation sipes 151, however, the voids
created by horizontal plane deformation sipes 152 must
be filled by a material that is sufficiently elastic to allow
the shoe sole to deform naturally like the foot while at
the same time providing structural support.
[0164] Certainly, as defined most simply in terms of
horizontal plane channels, the voids created must be
filled to provide direct structural support or the areas
with deformation sipes 152 would sag. However, just as
in the case of sagittal plane deformation sipes 151,
which were geometrically defined as broadly as possi-
bly in the prior applications, the horizontal plane defor-
mation sipes 152 are intended to include any
conceivable shape and certainly to include any already
conceived in the form of existing sipes in either shoe
soles or automobile tire. For example, deformation
sipes in the form of hollow cylindrical aligned parallel in
the horizontal plane and sufficiently closely spaced
would provide a degree of both flexibility and structural
support sufficient to provide shoe sole deformation
much closer to that of the foot than conventional shoe
soles. Similarly, such cylinders, whether hollow or filled
with elastic material, could also be used with sagittal
plane deformation sipes, as could any other shape.
[0165] It should be emphasized that the broadest
possible geometric definition is intended for detonation
sipes in the horizontal plane, as has already been
established for deformation sipes in the sagittal plane.
There can be the same very wide variations with regard
to deformation sipe depth, frequency, shape of channels
or other structures (regular or otherwise), orientation
within a plane or obliqueness to it, consistency of pat-
tern or randomness, relative or absolute size, and sym-
metry or lack thereof..

37 38

5

10

15

20

25

30

35

40

45

50

55



EP 1 002 475 A1

21

[0166] The Fig. 41 design applies also to the appli-
cant's earlier naturally contoured sides and fully con-
toured inventions, including those with greater or lesser
side thickness; although not shown, the Fig. 41 design,
as well as those in Figs. 39 and 40, could use a shoe
sole density variation like that in the applicant's pending
U.S. application No. 07/416,478, filed on October 3,
1989, as shown in Fig. 7 of the No. '579 application.

[0167] Figs. 42 and 43 show frontal plane cross
sectional views of a shoe sole according to the appli-
cant's prior inventions based on the theoretically ideal
stability plane, taken at about the ankle joint to show the
heel section of the shoe. In the figures, a foot 27 is posi-
tioned in a naturally contoured shoe having an upper 21
and a sole 28. The shoe sole normally contacts the
ground 43 at about the lower central heel portion
thereof. The concept of the theoretically ideal stability
plane, as developed in the prior applications as noted,
defines the plane 51 in terms of a locus of points deter-
mined by the thickness (s) of the sole. The reference
numerals are like those used in the prior pending appli-
cations of the applicant mentioned above and which are
incorporated by reference for the sake of completeness
of disclosure, if necessary. Fig. 42 shows, in a rear
cross sectional view, the application of the prior inven-
tion showing the inner surface of the shoe sole conform-
ing to the natural contour of the foot and the thickness of
the shoe sole remaining constant in the frontal plane, so
that the outer surface coincides with the theoretically
ideal stability plane.
[0168] Fig. 43 shows a fully contoured shoe sole
design of the applicant's prior invention that follows the
natural contour of all of the foot, the bottom as well as
the sides, while retaining a constant shoe sole thickness
in the frontal plane.
[0169] The fully contoured shoe sole assumes that
the resulting slightly rounded bottom when unloaded will
deform under load and flatten just as the human foot
bottom is slightly rounded unloaded but flattens under
load; therefore, shoe sole material must be of such
composition as to allow the natural deformation follow-
ing that of the foot. The design applies particularly to the
heel, but to the rest of the shoe sole as well. By provid-
ing the closest match to the natural shape of the foot,
the fully contoured design allows the foot to function as
naturally as possible. Under load, Fig. 43 would deform
by flattening to look essentially like Fig. 42. Seen in this
light, the naturally contoured side design in Fig. 42 is a
more conventional, conservative design that is a special
case of the more general fully contoured design in Fig.
43, which is the closest to the natural form of the foot,
but the least conventional. The amount of deformation
flattening used in the Fig. 42 design, which obviously
varies under different loads, is not an essential element
of the applicant's invention.
[0170] Figs. 42 and 43 both show in frontal plane
cross sections the essential concept underlying this
invention, the theoretically ideal stability plane, which is

also theoretically ideal for efficient natural motion of all
kinds, including running, jogging or walking. Fig. 43
shows the most general case of the invention, the fully
contoured design, which conforms to the natural shape
of the unloaded foot. For any given individual, the theo-
retically ideal stability plane 51 is determined, first, by
the desired shoe sole thickness (s) in a frontal plane
cross section, and, second, by the natural shape of the
individual's foot surface 29.

[0171] For the special case shown in Fig. 42, the
theoretically ideal stability plane for any particular indi-
vidual (or size average of individuals) is determined,
first, by the given frontal plane cross section shoe sole
thickness (s); second, by the natural shape of the indi-
vidual's foot; and, third, by the frontal plane cross sec-
tion width of the individual's load-bearing footprint 30b,
which is defined as the upper surface of the shoe sole
that is in physical contact with and supports the human
foot sole.
[0172] The theoretically ideal stability plane for the
special case is composed conceptually of two parts.
Shown in Fig. 42, the first part is a line segment 31b of
equal length and parallel to line 30b at a constant dis-
tance (s) equal to shoe sole thickness. This corre-
sponds to a conventional shoe sole directly underneath
the human foot, and also corresponds to the flattened
portion of the bottom of the load-bearing foot sole 28b.
The second part is the naturally contoured stability side
outer edge 31a located at each side of the first part, line
segment 31b. Each point on the contoured side outer
edge 31a is located at a distance which is exactly shoe
sole thickness (s) from the closest point on the con-
toured side inner edge 30a.
[0173] In summary, the theoretically ideal stability
plane is the essence of this invention because it is used
to determine a geometrically precise bottom contour of
the shoe sole based on a top contour that conforms to
the contour of the foot. This invention specifically claims
the exactly determined geometric relationship just
described.
[0174] It can be stated unequivocally that any shoe
sole contour, even of similar contour, that exceeds the
theoretically ideal stability plane will restrict natural foot
motion, while any less than that plane will degrade nat-
ural stability, in direct proportion to the amount of the
deviation. The theoretical ideal was taken to be that
which is closest to natural.
[0175] Central midsole section 188 and upper sec-
tion 187 in Fig. 17 must fulfill a cushioning function
which frequently calls for relatively soft midsole mate-
rial. Unlike the shoe sole structure shown in Fig. 9 of
prior application No. '302, the shoe sole thickness effec-
tively decreases in the Fig. 17 invention shown in this
application when the soft central section is deformed
under weight-bearing pressure to a greater extent than
the relatively firmer sides.
[0176] In order to control this effect, it is necessary
to measure it. What is required is a methodology of
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measuring a portion of a static shoe sole at rest that will
indicate the resultant thickness under deformation. A
simple approach is to take the actual least distance
thickness at any point and multiply it times a factor for
deformation or "give", which is typically measured in
durometers (on Shore A scale), to get a resulting thick-
ness under a standard deformation load. Assuming a
linear relationship (which can be adjusted empirically in
practice), this method would mean that a shoe sole mid-
section of 1 inch thickness and a fairly soft 30 durometer
would be roughly functionally equivalent under equiva-
lent load-bearing deformation to a shoe midsole section
of 1/2 inch and a relatively hard 60 durometer; they
would both equal a factor of 30 inch-durometers. The
exact methodology can be changed or improved empir-
ically, but the basic point is that static shoe sole thick-
ness needs to have a dynamic equivalent under
equivalent loads, depending on the density of the shoe
sole material.

[0177] Since the Theoretically Ideal Stability Plane
51 has already been generally defined in part as having
a constant frontal plane thickness and preferring a uni-
form material density to avoid arbitrarily altering natural
toot motion, it is logical to develop a non-static definition
that includes compensation for shoe sole material den-
sity. The Theoretically Ideal Stability Plane defined in
dynamic terms would alter constant thickness to a con-
stant multiplication product of thickness times density.
[0178] Using this restated definition of the Theoreti-
cally Ideal Stability Plane presents an interesting design
possibility: the somewhat extended width of shoe sole
sides that are required under the static definition of the
Theoretically Ideal Stability Plane could be reduced by
using a higher density midsole material in the naturally
contoured sides.
[0179] Fig. 44 shows, in frontal plane cross section
at the heel, the use of a high density (d') midsole mate-
rial on the naturally contoured sides and a low density
(d) midsole material everywhere else to reduce side
width. To illustrate the principle, it was assumed in Fig.
44 that density (d') is twice that of density (d), so the
effect is somewhat exaggerated, but the basic point is
that shoe sole width can be reduced significantly by
using the Theoretically Ideal Stability Plane with a defi-
nition of thickness that compensates for dynamic force
loads. In the Fig. 44 example, about one fourth of an
inch in width on each side is saved under the revised
definition, for a total width reduction of one half inch,
while rough functional equivalency should be main-
tained, as if the frontal plane thickness and density were
each unchanging.
[0180] As shown in Fig. 44, the boundary between
sections of different density is indicated by the line 45
and the line 51' parallel 51 at half the distance from the
outer surface of the foot 29.
[0181] Note that the design in Fig. 44 uses low den-
sity midsole material, which is effective for cushioning,
throughout that portion of the shoe sole that would be

directly load-bearing from roughly 10 degrees of inver-
sion to roughly 10 degrees, the normal range of maxi-
mum motion during running; the higher density midsole
material is tapered in from roughly 10 degrees to 30
degrees on both sides, at which ranges cushioning is
less critical than providing stabilizing support.

[0182] The foregoing shoe designs meet the objec-
tives of this invention as stated above. However, it will
clearly be understood by those skilled in the art that the
foregoing description has been made in terms of the
preferred embodiments and various changes and mod-
ifications may be made without departing from the
scope of the present invention which is to be defined by
the appended claims.

Claims

1. A shoe sole (28) for a shoe including an inner sole
surface (30) and an outer sole surface (31) which
define the shoe sole (28); and

at least two compartments located inside the
shoe sole (28), one of said compartments
being located above at least a portion of the
other of said compartments, as viewed in a
frontal plane cross-section when the shoe sole
(28) is in an upright, unloaded condition on the
ground.

2. A shoe sole (28) as claimed in claim 1, wherein at
least one of said compartments is pressurized at a
different pressure than another of said compart-
ments.

3. A shoe sole (28) as claimed in any one of claims 1-
2, wherein at least one of said compartments is
subdivided into a plurality of chambers.

4. A shoe sole (28) as claimed in claim 3, wherein at
least one of the plurality of chambers has a honey-
combed structure.

5. A shoe sole (28) as claimed in any one of claims 3-
4, wherein the sole is relatively soft and flexible in
the area of the lower portion of at least one of said
chambers as compared to the upper portion of the
same chamber.

6. A shoe sole (28) as claimed in any one of claims 3-
5, wherein the plurality of chambers have a geomet-
rically regular shape.

7. A shoe sole (28) as claimed in any one of claims 1-
6, wherein the outer surface (31) includes at least
one portion that is concavely rounded relative to an
intended wearer's foot location inside the shoe, as
viewed in a frontal plane when the shoe sole is in an
upright, unloaded condition.
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8. A shoe sole (28) as claimed in any one of claims 1-
7, wherein the inner surface (30) includes at least
one portion that is concavely rounded relative to an
intended wearer's foot location inside the shoe, as
viewed in a frontal plane when the shoe sole is in an
upright, unloaded condition.

9. A shoe sole (28) as claimed in claim 8, wherein the
at least one concavely rounded portion is located at
a location on the shoe sole (28) which substantially
corresponds to the position of at least one of the fol-
lowing structural support and propulsion elements
of an intended wearer's foot when inside the shoe;
the base of the calcaneous (95b, 95d), the lateral
tuberosity of the calcaneous (95c, 95a), the head of
the first distal phalange (98, 98a), the head of the
first metatarsal (96d, 96g), the head of the fifth met-
atarsal (96e, 96c), and the base of the fifth metatar-
sal (97).

10. A shoe sole as claimed in any one of claims 1-9,
wherein the at least two compartments are pressu-
rized at a plurality of different pressures to custom-
ize the response of the shoe sole to load-bearing
pressure.
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