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(54) ARTICLE OF FOOTWEAR HAVING AN UNDULATING SOLE

(57) An article of footwear is provided which compris-
es an upper, a plate connected to the upper, and an un-
dulating sole having a top surface connected to the plate
and a bottom surface, the sole comprising a plurality of

spaced apart peaks defining a plurality of gaps in the top
surface and a plurality of spaced apart troughs defining
a plurality of gaps in the bottom surface.
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Description

Field of the Invention

[0001] The present invention is directed to an article
of footwear having an undulating sole.

Background Art

[0002] Individuals are often concerned with the amount
of cushioning an article of footwear provides, as well as
the aesthetic appeal of the article of footwear. This is true
for articles of footwear worn for non-performance activi-
ties, such as a leisurely stroll, and for performance ac-
tivities, such as running, because throughout the course
of an average day, the feet and legs of an individual are
subjected to substantial impact forces. Running, jump-
ing, walking, and even standing exert forces upon the
feet and legs of an individual which can lead to soreness,
fatigue, and injury.
[0003] The human foot is a complex and remarkable
piece of machinery, capable of withstanding and dissi-
pating many impact forces. The natural padding of fat at
the heel and forefoot, as well as the flexibility of the arch,
help to cushion the foot. Although the human foot pos-
sesses natural cushioning and rebounding characteris-
tics, the foot alone is incapable of effectively overcoming
many of the forces encountered during every day activity.
Unless an individual is wearing shoes which provide
proper cushioning and support, the soreness and fatigue
associated with every day activity is more acute, and its
onset accelerated. The discomfort for the wearer that re-
sults may diminish the incentive for further activity. Equal-
ly important, inadequately cushioned footwear can lead
to injuries such as blisters; muscle, tendon and ligament
damage; and bone stress fractures. Improper footwear
can also lead to other ailments, including back pain.
[0004] Proper footwear should complement the natural
functionality of the foot, in part, by incorporating a sole
(typically including an outsole, midsole and insole) which
absorbs shocks. Therefore, a continuing need exists for
innovations in providing cushioning to articles of foot-
wear.

BRIEF SUMMARY OF THE INVENTION

[0005] In one embodiment, an article of footwear in-
cludes an undulating foam sole. The undulating foam
sole includes a plurality of spaced apart peaks, wherein
at least one pair of adjacent peaks define a gap void of
material between adjacent peaks, and a plurality of
spaced apart troughs, wherein at least one trough is
adapted to engage the ground and wherein at least one
pair of adjacent troughs define a gap void of material
between adjacent troughs.
[0006] In another embodiment, an article of footwear
includes an undulating foam midsole. The undulating
midsole includes a first side, a second side, a plurality of

spaced apart peaks extending along a width of the mid-
sole between the first and second sides, and a plurality
of spaced apart troughs extending along a width of the
midsole between the first and second sides. At least one
pair of adjacent peaks define a gap void of material be-
tween the adjacent peaks that extends along the width
of the midsole with one end at the first side and another
end at the second side. At least one pair of adjacent
troughs define a gap void of material between the adja-
cent troughs that extends along the width of the midsole
with one end at the first side and another end at the sec-
ond side.
[0007] In a further embodiment, an article of footwear
includes an undulating midsole and a plate. The undu-
lating midsole includes a first side, a second side, a plu-
rality of spaced apart peaks extending along a width of
the midsole between the first and second sides, and a
plurality of spaced apart troughs extending along a width
of the midsole between the first and second sides. The
plate is attached to the plurality of spaced apart peaks.
Each of the plurality of spaced apart peaks has a greater
height at the first and second sides of the midsole than
in an area between the first and second sides.
[0008] In a further embodiment, an article of footwear
includes an upper; a plate connected to the upper; and
an undulating sole having a top surface connected to the
plate and a bottom surface, the sole comprising a plurality
of spaced apart peaks defining a plurality of gaps in the
top surface and a plurality of spaced apart troughs de-
fining a plurality of gaps in the bottom surface. The article
of footwear may further comprise one or more support
elements coupled to the sole for providing support there-
to. The support element may be disposed between the
sole and the plate. In one embodiment, the support ele-
ment may be disposed in a gap in the top surface of the
sole.
[0009] In a further embodiment, a sole for an article of
footwear includes a midsole having a heel portion, a fore-
foot portion, a medial sidewall and a lateral sidewall, and
wherein the midsole is substantially sinusoidal along at
least a portion of the length of the midsole, and wherein
the midsole extends along a width of the midsole. It will
be appreciated by those of ordinary skill in the art that
the terms sinusoidal and sine wave as used herein refer
to the undulating shape of the midsole and are not meant
to be used in a strict mathematical sense. In one embod-
iment, the midsole may extend across the entire width of
the midsole between the medial sidewall and the lateral
sidewall and may have a top surface shaped to receive
an upper of an article of footwear. The midsole may be
substantially sinusoidal along a portion of, or substantial-
ly the entire length of, the midsole. In one embodiment,
the lateral sidewall and/or the medial sidewall may be
substantially sinusoidal. In another embodiment, the mid-
sole may be substantially sinusoidal across the entire
width of the midsole. The lateral and/or medial sidewalls
may include a plurality of peaks having rounded top sur-
faces, flat top surfaces, pointed top surfaces, or combi-
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nations thereof. The midsole may comprise foam, and
an outsole may be coupled to the midsole.
[0010] In yet a further embodiment, a sole for an article
of footwear includes a midsole having a top surface, a
bottom surface, a medial sidewall, and a lateral sidewall,
wherein the midsole undulates to define a plurality of
spaced apart gaps in the top surface and a plurality of
spaced apart gaps in the bottom surface. Each of a plu-
rality of top surface gaps may be disposed between ad-
jacent bottom surface gaps. In one embodiment, the top
surface gaps and/or the bottom surface gaps may be
substantially evenly spaced apart. In one embodiment,
one or more gaps extend across the entire width of the
midsole. In one embodiment, the lateral and/or medial
sidewalls include a plurality of peaks and each peak is
disposed between adjacent top surface gaps. The lateral
and/or medial sidewalls may include a plurality of peaks
having rounded top surfaces, flat top surfaces, pointed
top surfaces, or combinations thereof. In one embodi-
ment, the midsole extends across the entire width of the
sole between the medial sidewall and the lateral sidewall.
In one embodiment, the portion of the midsole between
the medial sidewall and the lateral sidewall does not un-
dulate. In one embodiment, one or more gaps extend
across the entire width of the midsole and/or only a por-
tion of the width of the midsole.
[0011] In another embodiment, an article of footwear
includes an upper; and a foam sole disposed below the
upper such that a gap is disposed between the sole and
the upper, the sole having a heel portion, a forefoot por-
tion, a medial sidewall and a lateral sidewall, and wherein
the sole is substantially sinusoidal along the length of the
sole, and wherein the sole extends along a width of the
sole. In one embodiment, a plurality of gaps may be dis-
posed between the sole and the upper. The lateral and/or
medial sidewall may include a plurality of peaks having
rounded top surfaces, flat top surfaces, or pointed top
surfaces. In one embodiment the article of footwear may
further include a plate disposed intermediate to the upper
and the sole. At least a portion of a gap may be disposed
intermediate to the sole and the plate.
[0012] In another embodiment, a method of manufac-
turing a sole for an article of footwear includes the steps
of molding an undulating foam midsole in a mold; remov-
ing the foam midsole from the mold; placing the foam
midsole on a form having a plurality of spaced apart ridg-
es; and cooling the foam midsole. The mold may com-
prise a plurality of spaced apart ridges and at least one
injection site disposed between two adjacent ridges. In
one embodiment, the mold may include between one and
twenty injection sites. In one embodiment, the mold may
include eleven injection sites.
[0013] In another embodiment, an article of footwear
includes an undulating foam sole, which includes: a plu-
rality of spaced apart peaks, wherein at least one pair of
adjacent peaks define a first gap substantially devoid of
material between adjacent peaks, and a plurality of
spaced apart troughs, wherein at least one pair of adja-

cent troughs define a second gap substantially devoid of
material between adjacent troughs; and a support ele-
ment coupled to the sole for providing support thereto.
[0014] In a further embodiment, an article of footwear
includes an upper; a plate connected to the upper; an
undulating sole having a top side connected to the plate
and a bottom side, the sole comprising a plurality of
spaced apart peaks defining a plurality of gaps in the top
side and a plurality of spaced apart troughs defining a
plurality of gaps in the bottom side; and a support element
disposed in between the sole and the plate for providing
support to the sole.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0015] The accompanying drawings, which are incor-
porated herein and form a part of the specification, illus-
trate the present invention and, together with the descrip-
tion, further serve to explain the principles of the invention
and to enable a person skilled in the pertinent art to make
and use the invention.

FIG. 1 is a side view of an exemplary article of foot-
wear according to an embodiment of the present in-
vention;
FIG. 2 is bottom view of the exemplary article of foot-
wear of FIG. 1 according to an embodiment of the
present invention;
FIG. 3 is a side view of another exemplary article of
footwear according to an embodiment of the present
invention;
FIG. 4 is a bottom view of the exemplary article of
footwear of FIG. 3 according to an embodiment of
the present invention;
FIG. 5 is a close up side view of a portion of a midsole
of the exemplary article of footwear of FIG. 3 accord-
ing to an embodiment of the present invention;
FIG. 6 is a side view of another exemplary article of
footwear according to an embodiment of the present
invention;
FIG. 7 a bottom view of the exemplary article of foot-
wear of FIG. 6 according to an embodiment of the
present invention;
FIG. 8 is a side view of another exemplary article of
footwear according to an embodiment of the present
invention;
FIG. 9 is a bottom view of the exemplary article of
footwear of FIG. 8 according to an embodiment of
the present invention;
FIG. 10 is a side view of an exemplary midsole ac-
cording to an embodiment of the present invention;
FIG. 11 is a bottom view of an exemplary foot plate
according to an embodiment of the present inven-
tion; and
FIG. 12 is a partial side view of the exemplary foot
plate of FIG. 11 according to an embodiment of the
present invention.
FIG. 13 is a schematic view of an exemplary article
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of footwear during manufacturing according to an
embodiment of the present invention.
FIG. 14 is a side view of an exemplary article of foot-
wear according to an embodiment of the present in-
vention.
FIG. 15 is a bottom view of the exemplary article of
footwear of FIG. 14 according to an embodiment of
the present invention.
FIG. 16 is a side view of an exemplary article of foot-
wear according to an embodiment of the present in-
vention.
FIG. 17 is a bottom view of the exemplary article of
footwear of FIG. 16 according to an embodiment of
the present invention.
FIG. 18 is a side view of an exemplary midsole for
use in the exemplary article of footwear of FIG. 16
according to an embodiment of the present inven-
tion.
FIG. 19 is front perspective cross-sectional view of
an exemplary article of footwear according to an em-
bodiment of the present invention.
FIG. 20 is a top perspective view of an insert accord-
ing to an embodiment of the present invention.
FIG. 21 is a bottom perspective view of the insert
shown in FIG. 20 according to an embodiment of the
present invention.
FIG. 22 is a side view of the insert shown in FIG. 20
according to an embodiment of the present inven-
tion.
FIG. 23 is a top perspective view of a midsole with
an insert according to an embodiment of the present
invention.
FIG. 24 is a side view of an article of footwear with
an insert according to an embodiment of the present
invention.
FIG. 25 is a side view of an insert according to an
embodiment of the present invention.
FIG. 26 is a side view of an insert according to an-
other embodiment of the present invention.
FIG. 27 is a side view of an insert according to an-
other embodiment of the present invention.
FIG. 28 is a top perspective view of an insert accord-
ing to another embodiment of the present invention.
FIG. 29 is a bottom perspective view of the insert
shown in FIG. 29 according to an embodiment of the
present invention.
FIG. 30 is a side view of an insert having solid support
elements according to an embodiment of the present
invention.
FIG. 31 is a schematic view of an exemplary mold
for manufacturing a sole according to an embodi-
ment of the present invention.
FIG. 32 is a schematic view of exemplary post-mold-
ing form for manufacturing a sole according to an
embodiment of the present invention.
FIG. 33 a schematic view of an exemplary sole during
manufacturing according to an embodiment of the
present invention.

FIG. 34 is a side view of an exemplary article of foot-
wear according to an embodiment of the present in-
vention.
FIG. 35 is a bottom view of an exemplary article of
footwear and outsole according to an embodiment
of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0016] The present invention is now described with ref-
erence to the Figures, in which like reference numerals
are used to indicate identical or functionally similar ele-
ments. While specific configurations and arrangements
are discussed, it should be understood that this is done
for illustrative purposes only. A person skilled in the per-
tinent art will recognize that other configurations and ar-
rangements can be used without departing from the spirit
and scope of the present invention. It will be apparent to
a person skilled in the pertinent art that this invention can
also be employed in a variety of other applications.
[0017] An article of footwear 100 according to an em-
bodiment of the present invention may have a sole 200
that undulates to provide a different and unique ride
and/or feel to article of footwear 100 while also providing
a unique aesthetic appeal and providing training for the
wearer’s muscles in the legs, lower back, and/or abdo-
men. A foot plate 300 is attached to undulating sole 200
and an upper 400 is attached to foot plate 300.
[0018] Sole 200 may include a midsole 202 having an
undulating shape with alternating peaks 204 and troughs
206. In some embodiments, the undulating shape of mid-
sole 202 may be substantially sinusoidal, whereby one
or more of the peaks and/or troughs may be rounded. In
other embodiments, one or more of the peaks and/or
troughs may have a top surface that is substantially flat,
as shown for example, in FIG. 34. In other embodiments,
the undulating shape of midsole 202 may be zigzagged,
whereby one or more of the peaks and/or troughs may
be pointed. In some embodiments, peaks 204 may be
located substantially equidistant between adjacent
troughs 206, and similarly, troughs 206 may be located
substantially equidistant between adjacent peaks. Be-
tween each peak 204 and each trough 206 may be a wall
208. Gaps 210 devoid of material may be present be-
tween adjacent peaks 204 and above a trough 206 and
gaps 212 devoid of material may be present between
adjacent troughs 206 and below a peak 204. Gaps 210
and gaps 212 may extend across an entire width of mid-
sole 202. In an alternative embodiment, gaps 210 and
gaps 212 may extend only along a portion of midsole
202. In one embodiment, the undulating shape of midsole
202 may be substantially similar to a sine wave. A dis-
tance between adjacent peaks 204 or adjacent troughs
206 may be substantially similar or may be varied along
a length of midsole 202 or combinations thereof.
[0019] Midsole 202 may be designed such that each
trough 206 contacts or engages the ground separately
when a user is walking, running, or otherwise moving
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under his/her own power. As each trough 206 contacts
or engages the ground a compressive force is exerted
causing distortion of the shape of gap 210 located above
trough 206 as a result of vertical buckling of walls 208
connected to trough 206. The compressive forces can
also distort the shape of gaps 212 on either side of trough
206 to increase the distance between the trough 206 con-
tacting or engaging the ground and those adjacent to it.
Shear forces exerted on midsole 202 may have the same
effect of buckling walls 208 and distorting the shape of
gaps 210 and 212.
[0020] Accordingly, material for midsole 202 must be
sufficiently flexible to allow the buckling and distortions
described above so as to provide adequate cushioning.
Suitable material for midsole 202 may include, but is not
limited to, foam and thermoplastic polyurethane. When
midsole 202 is a foam, the foam may be, for example,
ethyl vinyl acetate (EVA) based or polyurethane (PU)
based and the foam may be an open-cell foam or a
closed-cell foam. In other embodiments, midsole 202
may be elastomers, thermoplastic elastomers (TPE),
foam-like plastic (e.g., Pebax® foam or Hytrel® foam)
and gel-like plastics.
[0021] Individually or in combination, the aspects of
midsole 202 that uniquely absorb the compressive and
shear forces may include the: (1) tall, thin shape of walls
208, (2) angles between adjacent walls 208 of undulating
midsole 202, (3) gaps 210 and 212 void of material on
either side of walls 208; and/or (4) compression of the
foam itself (aside from distortion of the sole geometry).
Buckling may occur due to tall, thin walls 208. The voids
of material or gaps 210, 212 may allow for the buckling
and/or distention of the material of midsole 202 to occur
when loaded. The contact of midsole 202 on the ground
in the midfoot region may provide a new ride to the shoe.
The heel strike may take a prolonged amount of time
compared to a typical running shoe, which can decrease
the peak forces. When a force is applied to the midsole,
not only does the midsole material compress, but the
physical shape of the midsole may also change to absorb
the compressive and shear forces. The physical changes
in shape, and/or the buckling, which may include walls
208 distending into one of the voids of material or gaps
210, 212 on either side of the wall, may occur because
of the tall, thin shape of walls 212, angles between walls
208 of the undulating midsole 202, and/or voids of ma-
terial or gaps 210, 212 on either side of walls 208. The
unique shape, midsole contact with the ground in the
midfoot region, and/or material may vary the amount of
time spent in each phase of the gait cycle for an individual
compared to a more traditional running shoe, possibly
decreasing the peak force experienced by that individual.
[0022] The above described effects of the compressive
forces and shear forces on midsole 202 may cause the
wearer’s body to work harder. By forcing the wearer’s
body to work harder, the shoe may trigger increased train-
ing to the muscles, such as those muscles in the wearer’s
calves, thighs, lower back, buttocks, and/or abdomen.

As a result of this extra work, when a wearer travels a
given distance, the affected muscles may feel like they
have worked in traversing a distance farther than the giv-
en distance, thereby enhancing a wearer’s amount of
exercise. In another embodiment, forces acting on mid-
sole 202 may cause the wearers’ body to work less hard.
For example, midsole 202 may be adapted to enhance
the natural resiliency and energy return of the foot by
storing energy during its compression and returning en-
ergy during its expansion. As a result, muscles used dur-
ing an activity may undergo less wear.
[0023] Walls 208 may be contoured to provide gaps
210 and gaps 212 with a variety of shapes in order to
impart varying cushioning effects. In one embodiment,
as shown for example in FIGs. 1 and 6, gaps 210 may
be substantially v-shaped. The angle provided between
adjacent walls 208 may be adapted to provide the desired
cushioning properties. For example, in one embodiment
the angle between adjacent walls 208 may be in the range
of from about 10 degrees to about 50 degrees, such as
from about 10 degrees to about 40 degrees or about 15
degrees to about 35 degrees. In one embodiment, the
angle between adjacent walls may vary along the length
of midsole 202. For example, in one embodiment the
angle may be greater between one or more pair of adja-
cent walls 208 in the heel portion of midsole 202 and
lesser between one or more pair of adjacent walls 208
in the forefoot portion. For example, in some embodi-
ments the angle between adjacent walls 208 in the fore-
foot portion may be from about 30 to about 40 degrees.
In some embodiments the angle between adjacent walls
208 in the heel portion may be from about 15 to about
25 degrees. In another embodiment, as also shown for
example in FIG. 1, gaps 212 may be substantially shaped
as an inverted v.
[0024] The depth of gaps 210 and 212 may also be
varied to provide the desired cushioning properties. In
one embodiment, as shown for example in FIG. 1, the
depth of gaps 210 may vary along the length of midsole
202. For example, gaps 210 may be deeper in the heel
region of midsole 202, and become more shallow toward
the forefoot region of midsole 202.
[0025] In another embodiment, as shown for example
in FIGs. 3 and 5, gaps 212 may be substantially omega-
shaped (Ω) such that each gap 212 has a rounded top
section and a narrow bottom section wherein the distance
d1 between the surface of the two walls 208 forming and
facing each gap 212 is shorter at the bottom of gap 212
than a distance d2 in a middle portion of gap 212. The
embodiments described above are merely exemplary
and gaps 210 and gaps 212 may have any combination
of shapes as would be apparent to one of ordinary skill
in the art. For example, in one embodiment midsole 202
may include a combination of v-shaped and omega-
shaped gaps.
[0026] The number of walls 208, and, correspondingly,
the number of gaps 210 and 212 provided in midsole 202
may vary depending upon the desired cushioning char-
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acteristics or upon the length and width of midsole 202.
In one embodiment, as shown for example in FIG. 1,
midsole 202 may include ten gaps 210. In one embodi-
ment, midsole 202 may include in the range of two to
fifteen gaps. In another embodiment, midsole 202 may
include in the range of five to thirteen gaps. In another
embodiment, midsole 202 may include in the range of
eight to twelve gaps. In one embodiment, midsole 202
may include at least five gaps. In another embodiment,
midsole 202 may include at least eight gaps. In another
embodiment, midsole 202 may include at least ten gaps.
The number of gaps 210 and 212 may vary depending
upon a thickness of walls 208, a frequency of the undu-
lation, and/or the angle between adjacent walls 208.
[0027] One or more troughs 206 of midsole 202 may
have an outsole piece 213 attached thereto to provide
additional traction. Outsole piece 213 may be rubber or
any suitable material typically utilized for an outsole. In
one embodiment, as shown for example in FIGs. 2 and
35, a trough 206 may have one or more outsole pieces
213. In another embodiment, as shown for example in
FIG. 4, outsole piece 213 may contact one or more
troughs 206 and span a portion of gap 212 between ad-
jacent troughs 206. In another embodiment, as shown
for example in FIG. 7, midsole 202 may have an outsole
piece 213 that covers a periphery of a heel region of
midsole 202 and/or another outsole piece 213 that covers
a periphery of a forefoot region of midsole 202. Outsole
piece 213 spans gaps 212 between adjacent troughs 206
and may include areas of reduced thickness 217 that
allow outsole piece 213 to flex and lengthen when gaps
212 lengthen. Outsole pieces 213 may be made from a
suitable polymeric material that permits the above-de-
scribed lengthening and flexing. The above embodi-
ments are merely exemplary and one skilled in the art
would readily appreciate the pattern of outsole piece(s)
213 on trough(s) 206 of midsole 202 may have a variety
of configurations. In addition, as shown in FIGs. 2, 4, 7,
and 9, a bottom surface 215 of each trough 206 may
have a contour that varies across a width of midsole 202.
Bottom surface 215 of each trough 206 may have the
same contour and/or shape, varying contours and/or
shapes and combinations thereof. One skilled in the art
would readily appreciate that the shape and pattern of
outsole piece(s) 213 may correspond to the contour or
shape of bottom surfaces 215 of troughs 206.
[0028] Midsole 202 may be a single piece, as shown
for example in FIGs. 2 and 4, or may comprise two or
more pieces. In one embodiment, as shown for example
in FIG. 9, midsole 202 may have a lateral midsole piece
214 extending along a lateral side of article of footwear
100 and a medial midsole piece 216 extending along a
medial side of article of footwear 100 with a space 218
located between lateral midsole piece 214 and medial
midsole piece 216. A forefoot outsole piece 220 may be
attached to both lateral midsole piece 214 and medial
midsole piece 216 in a manner such that forefoot outsole
piece 220 spans and covers a portion of space 218 at

the forefoot of article of footwear 100. Similarly, a heel
outsole piece 222 may be attached to both lateral midsole
piece 214 and medial midsole piece 216 in a manner
such that heel outsole piece 222 spans and covers a
portion of space 218 at the heel of article of footwear 100.
Lateral midsole piece 214 and medial midsole piece 216
may have corresponding undulations such that peaks
204 and troughs 206 of each piece are aligned when
assembled in article of footwear 100. Having a separate
lateral midsole piece 214 and medial midsole piece 216
may have the advantage of providing a ride or cushioning
different from a single piece midsole 202.
[0029] As best seen in FIG. 10, midsole 202 may be
shaped so that peaks 204 have a greater height at first
and second sides 224, 226 of midsole 202 than in an
area between first and second sides 224, 226. For ex-
ample, a top surface 228 of each peak 204 is substantially
concave, thereby providing a recess for receiving foot
plate 300. In one embodiment, top surface 228 of some
peaks 204 may have a groove 230 adjacent first and/or
second sides 224, 226 that aids in aligning foot plate 300
in the recess and holding foot plate 300 in place. In one
embodiment, the portion of the midsole between the first
and second sides 224, 226 does not undulate and only
first (e.g., lateral) side 224 and/or second (e.g., medial)
side 226 undulate. Portions of gaps 210 and/or 212 be-
tween first and second sides 224 and 226 may be filled in.
[0030] Foot plate 300, as best seen in FIGs. 11 and
12, may have a bottom surface 302 with a plurality of
ridges 304 extending outward from bottom surface 302.
Ridges 304 may be shaped to provide outlines that cor-
respond to the size, shape, and contour of top surfaces
228 of peaks 204 of midsole 202. Ridges 304 may also
extend to side surfaces 306 of foot plate 300. Accordingly,
ridges 304 aid in aligning foot plate 300 on top surfaces
228 of peaks 204 of midsole 202.
[0031] Foot plate 300 may be any suitable thermoplas-
tic material or composite material and, in some embod-
iments, may be manufactured through molding or lay-up.
In other embodiments, foot plate 300 may be a molded
foam, such as a compression molded foam, TPU, or
Pebax®. In one embodiment, foot plate 300 may be
formed separately from midsole 202 and then attached
and joined to midsole 202 through adhesive bonding,
welding, or other suitable techniques as would be appar-
ent to one of ordinary skill in the art. Areas 308 of bottom
surface 302 that contact top surfaces 228 of peaks 204
may be textured to facilitate attachment of foot plate 300
to midsole 202. In another embodiment, foot plate 300
and midsole 202 may be co-molded and thereby formed
together simultaneously.
[0032] Midsole 202 may be used in conjunction with a
variety of uppers 400. In one embodiment, upper 400
may have a bootie 402 for receiving the foot of a wearer
attached to an upper surface (not shown) of foot plate
300. In some embodiments, plate 300 may be placed
inside shoe 100 and midsole 202 may be attached di-
rectly to upper 400. Bootie 402 may be any suitable ma-
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terial that is lightweight and breathable known to those
of ordinary skill in the art for use as an upper. Bootie 402
may be attached to the foot plate through adhesive or
other conventional attachment techniques. Upper 400
may also have one or more structural members 404 ex-
tending from foot plate 300. Structural members 404 pro-
vide structure to bootie 402 and may extend along the
lateral and medial sides and be utilized in lacing article
of footwear 100. Structural members 404 may also be
present at a heel area to provide an internal or external
heel counter or at a forefoot area to provide an internal
or external toe cap. Structural members 404 may be
molded from suitable polymeric materials known to those
of ordinary skill in the art. Structural members 404 may
also have a variety of shapes and sizes as would be
apparent to one of ordinary skill in the art.
[0033] With reference to FIGs. 13 and 31-33, manu-
facturing of midsole 202 according to embodiments of
the present invention will now be described. As will be
apparent to those of ordinary skill in the art, midsole 202
may be molded by injection molding using one or more
molds 600. The mold 600 may include molds for one or
more midsoles 202. With reference to FIGs. 13 and 31,
mold 600 may include a plurality of ridges 601 which cor-
respond to the one or more gaps 212 of midsole 202.
During molding one or more injection sites or sprue pas-
sages 601 may be used to introduce midsole material
into the mold. As shown in FIGs. 13 and 31, in one em-
bodiment of the present invention, eleven (11) sprues
may be used to introduce material into the mold, thereby
resulting in posts 232, which will be subsequently re-
moved, extending from midsole 202 in the areas corre-
sponding to the sprues. In this manner, the material may
be distributed evenly throughout the midsole. In the heel
portion of midsole 202, one sprue may be used in the
area of the rearmost peak, and two sprues may be used
at each of the next two peaks in the heel region. Two
sprues may also be used at each of the fifth, seventh,
and ninth peaks in midsole 202. In another embodiment,
one or more sprues may be used at each of the peaks
to introduce the midsole material to the mold. The use of
sprues for introducing midsole material into the mold may
be useful because sprues may provide for even flow of
material; may help to provide proper curing of material;
may help to provide even temperature distribution after
filling which, in turn, may contribute to consistent skin
thickness; may help to make midsoles that are consistent
left to right; and may help to make sure the mold is fully
filled. Other arrangements for introducing material into
the molds during manufacture of midsole 202 may be
used. In some embodiments, other methods of molding
may be utilized including, but not limited to, compression
molding, injection molding, and expansion molding,
whereby pellets are placed in a mold and expanded.
[0034] During manufacture, because midsole 202 may
expand upon removal from its mold, the mold may com-
prise a smaller size than the desired size of the midsole.
For example, in one embodiment of the present invention

using EVA material, the mold may comprise about 65%
to about 75% of the size of the finished midsole. Depend-
ing on the expansion ratio of the material used, other
mold sizes may be used.
[0035] With reference to FIGs. 32 and 33, in one em-
bodiment, one or more post-molding forms 610 may be
used after midsole 202 is removed from mold 600 during
manufacturing. After removal from mold 600, top surface
of midsole 202 may be placed on top of post-molding
form 610. Post-molding form 610 may include a plurality
of ridges 611 formed on a base 612 which correspond
to the one or more gaps 210 of midsole 202. In alternative
embodiments, bottom surface of midsole 202 may be
placed on top of post-molding form 610, and ridges 611
may correspond to one or more gaps 212 of midsole 202.
Post-molding form 610 may facilitate proper cooling and
shaping of midsole 202. For example, midsole 202 may
contract as it cools and/or finishes curing. Because the
form is dimensionally stable, post-molding form 610 may
limit and/or direct the contraction of the midsole 202 such
that the midsole results in the desired shape. In some
but not necessarily all embodiments, portions of midsole
202 may have varying thicknesses and/or may cool at
different rates. As a result, midsole 202 may curl or oth-
erwise become misshapen without use of post-molding
form 610. In one embodiment, one or more weights 620
may be placed on midsole 202 as it cools to further fa-
cilitate proper cooling and shaping. In one embodiment,
a weight 620 may be placed on midsole 202 in the heel
area and in the forefoot area of the midsole. Post-molding
form 610 may comprise plastic, ceramic, metal, wood,
bamboo, cast epoxy, or other suitable material.
[0036] Midsole 202 may be molded to tailor to various
needs such as, for example, to prevent pronation or supi-
nation. In such instances, certain areas of midsole 202
may be imparted with different characteristics in order to
achieve such customizations. In instances where a me-
dial side of midsole 202 needs to be customized and not
a lateral side or vice versa, it may be preferred to utilize
a midsole 202 with lateral midsole piece 214 and medial
midsole piece 216, as described above. As an alternative
to, or in addition to, modifying midsole 202, inserts may
be placed between midsole 202 and plate 300, as dis-
cussed in more detail below, or posts may be utilized to
connect midsole 202 to upper 400.
[0037] The embodiments of FIGs. 1-4 and 6-10, have
illustrated midsole 202 as undulating with peaks 204 and
troughs 206 from toe to heel, however this is merely ex-
emplary. In some embodiments, as shown for example
in FIGs. 14 and 15, midsole 202 may undulate with peaks
204 and troughs 206 only in a forefoot region. In other
embodiments, as shown for example in FIGs. 16-18, mid-
sole 202 may undulate with peaks 204 and troughs 206
only in a heel region. In other embodiments, as shown
for example in FIG. 19, midsole 202 may also have one
or more rows 334 that undulate with peaks 204 and
troughs 206 in a medial to lateral direction. In some em-
bodiments, peaks 204 and troughs 206 of each row 334
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may be aligned.
[0038] In certain embodiments, undulating sole 200
may be manufactured to provide a different and unique
ride and/or feel to article of footwear 100, while also pro-
viding a unique aesthetic appeal and improved cushion-
ing and support.
[0039] With reference to FIGs. 20-22, embodiments of
the present invention may include one or more inserts
500 to provide the desired stiffness and/or cushioning
properties of midsole 202. For example, one or more in-
serts 500 may be included to make all or a portion of
midsole 202 more stiff. In this manner, for example, insert
500 may help in limiting pronation or supination of the
foot of the wearer.
[0040] In one embodiment, insert 500 may include one
or more support elements 510 connected by connecting
members 520. In one embodiment, support element 510
includes a support surface 511 that is curved such that
the support element 510 is substantially u-shaped, as
shown, for example, in FIG. 22. As shown in FIG. 20, in
one embodiment support element 510 may include a
proximate end 512 and a distal end 514. The proximate
end 512 may be rounded and the height of support ele-
ment 510 may gradually decrease from proximate end
512 to distal end 514.
[0041] Each support element 510 may be connected
to an adjacent support element 510 by a connecting
member 520. In one embodiment, connecting member
520 extends from the distal end 514 of one support ele-
ment 510 to the distal end 514 of an adjacent support
element 510. In alternative embodiments, connecting
member 520 may extend from the distal end 514 of a first
support element 510 to the proximate end 512 of an ad-
jacent support element. In other embodiments, the con-
necting member 520 may extend from any point along
the length of a first support element 510 to any point along
the length of an adjacent support element 510. Connect-
ing member 520 may connect support elements that are
not adjacent. In one embodiment, support elements 510
disposed at an end of the insert 500 may include a con-
necting member 522 that does not connect to an adjacent
support element. For example, forefoot end support el-
ement 516 and rearfoot end support element 518, as
shown in FIG. 20, may include a connecting member 522
that is not connected at one end. Alternatively, insert 500
may not include connecting members 522 extending from
end support elements. In one embodiment, as shown,
for example in FIGs. 20-22, insert 500 may include five
(5) connected support elements 510. As will be discussed
in detail below, other combinations of support elements
510 and connecting members 520 for an insert 500 may
be used to provide the desired stiffness and/or cushion-
ing of midsole 202.
[0042] With reference to FIGs. 23 and 24, in one em-
bodiment, insert 500 may be disposed between midsole
202 and plate 300 and may be coupled to midsole 202.
In particular, in one embodiment, each support element
510 of insert 500 may be disposed within a gap 210 of

midsole 202. For example, as shown in FIG. 23, in an
embodiment of an insert 500 having five (5) support el-
ements 510, each of the support elements 510 may be
disposed in a gap 210. The support surface 511 of sup-
port element 510 is preferably contoured to fit snugly with-
in gap 210 along an interior surface 211 of the gap 210.
The support surface 211 may cover all or a portion of the
interior surface 211 of the gap 210 where the support
element 510 is located. For example, in one embodiment
support surface 511 may extend from the bottom 207 of
gap 210 partially (e.g., half way) up interior wall 209 or
to the top of interior wall 209. In one embodiment, support
element 510 may not extend completely into gap 210
such that it does not contact the bottom 207 of gap 210.
The support surface 511 may cover only a portion of in-
terior wall 209 between bottom 207 and the top of interior
wall 209.
[0043] In one embodiment, support surface 511 is
curved such that the support element 510 is substantially
u-shaped. In other embodiments, support surface 511
may be square, v-shaped, omega-shaped, or otherwise
shaped to fit within gap 210 or other portion of midsole
202. In one embodiment, support element 510 may be
secured within gap 210 by adhesive. In other embodi-
ments, adhesive may not be used and the snug fit of the
element within the gap may keep it in place.
[0044] In one embodiment, as shown in FIG. 23, insert
500 may be generally disposed in the arch region of mid-
sole 202. In other embodiments, insert 500 may be dis-
posed in the forefoot region, the heel region, and/or along
the entire length of midsole 202. Generally, insert 500
may be positioned to provide the desired stiffness and/or
cushioning of midsole 202.
[0045] The size of support element 510 also may be
adapted such that support element 510 fits within gap
210. In embodiments of the present invention in which
the depth of gaps 210 vary along midsole 202, the size
of support elements 510 may likewise vary along insert
500. For example, as discussed above, gaps 210 may
be deeper in the heel region of midsole 202, and become
more shallow toward the forefoot region of midsole 202.
Correspondingly, support elements 510 may be larger in
the rearward portion of insert 500 and become smaller
toward the forward portion of insert 500. For example,
forefoot end support element 516 may be smaller than
rearfoot end support element 518.
[0046] Insert 500 may be made of a rigid or flexible
material to provide the desired stiffness properties of the
midsole 202. In one embodiment, the insert 500 compris-
es TPU. Other suitable materials, including but not limited
to, elastomers, thermoplastic elastomers (TPE), foam-
like plastics (e.g., Pebax® foam and/or Hytrel® foam),
gel-like plastics, foam, metal, or other suitable materials
and combinations thereof.
[0047] In one embodiment, insert 500 may be injection
molded as a unitary piece. In other embodiments, support
elements 510 may be molded separately and then at-
tached. In some embodiments, one support element 510
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may be made of a different material than another support
element 510. For example, a first support element 510
may be made of a stiffer material than a second support
element 510 to provide the desired stiffness or cushion-
ing properties to different areas of midsole 202. In one
embodiment, insert 500 may be co-molded with midsole
202. For example, insert 500 may be molded and midsole
202 may be molded under insert 500, or insert 500 may
be molded directly on midsole 202. In one embodiment,
as shown for example in FIG. 35, support elements 510
may be formed as part of midsole 202 to form a unitary
and monolithic structure. Support elements 510 may be
formed in gaps 212, as shown, and/or in gaps 210. In
one embodiment, two support elements 510 may be
formed in the rearmost gap 212 and one support element
may be formed in the next gap 212. It will be appreciated
that support elements 510 may be formed in other gaps
in various combinations. In one embodiment, midsole
202 may be molded around insert 500 such that insert
500 is embedded in the midsole. In one embodiment,
insert 500 may be integral with plate 300. The plate 300
may extend partially or completely into support element
510.
[0048] In one embodiment, one or more support ele-
ments 510 of insert 500 may extend across a portion of
the width of the midsole 202 to provide desired stiffness
properties to a portion of midsole 202. For example, as
shown in FIG. 23, support elements 510 may extend in-
wardly from the medial side of the midsole 202 across a
portion of the width of midsole 202. During use, support
element 510 may provide support to midsole 202 in this
area and may limit compression of the midsole. For ex-
ample, when midsole 202 is under load, support element
510 may limit compression of the walls 208 around the
area of the support element. As a result, insert 500 may
impart additional stiffness to the medial side of midsole
202 and may limit, for example, supination of the foot.
[0049] In other embodiments, the support elements
may extend inwardly from the lateral side of the midsole
202 across a portion of the midsole. In this manner, insert
500 may impart additional stiffness to the lateral side of
midsole 202 and may, for example, limit pronation of the
foot. In still other embodiments, the insert 500 may extend
substantially across the entire width of the midsole 202
such that it may impart desired stiffness or cushioning
characteristics across the width of the midsole. In some
embodiments, insert 500 may include one or more sup-
port elements 510 that extend only across a portion of
the width of midsole 202 and one or more support ele-
ments 510 that extend across the entire width of midsole
202.
[0050] In one embodiment, connecting member 520
may be substantially flat such that it does not interfere
with placement of plate 300 on midsole 202. A groove
may be formed in the top of midsole 202 to receive con-
necting member 520 such that connecting member 520
is flush with the top of midsole 202. As shown in FIG. 23,
connecting members 520 of insert 500 may collectively

form a generally curved shape from the perimeter of mid-
sole 202 through an interior portion of the midsole 202.
In one embodiment, connecting members 520 may be
positioned to provide additional support to the insert 500.
[0051] In one embodiment, as shown in FIG. 24, all or
a portion of the insert 500 may be visible from the side
of footwear 100. For example, proximate end 512 of one
or more support elements 510 may be visible through
gaps 210. In other embodiments, insert 500 may not be
visible.
[0052] Any number of support elements 510 and con-
necting members 520 for an insert 500 may be used to
provide the desired stiffness or cushioning properties of
midsole 202. As shown in FIG. 25, in one embodiment
insert 500 may include two (2) support elements 510.
The support elements 510 may be sized for use in the
heel portion of midsole 202. In one embodiment, as
shown in FIG. 26, insert 500 may include two (2) support
elements 510 generally sized for use in the forefoot por-
tion of the midsole 202. In one embodiment, as shown
in FIG. 27, insert 500 may include one support element.
In yet other embodiments, insert 500 may comprise a
single support element 510 without connecting members
520. As shown in FIGs. 28-29, in one embodiment insert
500 may include four (4) support elements 510 that ex-
tend substantially across the width of the midsole 202.
Connecting members 520 may connect adjacent support
elements 520 at the middle of the support element. In
one embodiment, the number of support elements 510
may be the same as the number of gaps 210 in midsole
202.
[0053] In an alternative embodiment, insert 500 may
be disposed on the underside of midsole 202. Each sup-
port element 510 of insert 500 may be disposed within
gap 212 of midsole 202. The support elements 510 may
be sized and shaped accordingly. In other embodiments,
insert 500 may include one or more support elements
510 adapted to fit snugly on peak 204.
[0054] In a preferred embodiment, insert 500 may be
permanently disposed in midsole 202 during manufac-
ture of footwear 100. In other embodiments, insert 500
may be readily removable from midsole 202. For exam-
ple, in one embodiment, a support element 510 may be
inserted into gap 210 between midsole 202 and plate 300
from the side of footwear 100. The support element 510
may include a tab that may be pulled to subsequently
remove the support element 510 from gap 210. In this
manner, inserts 500 or support elements 510 may be
sold "after-market", and a user may continually custom-
ize the stiffness or cushioning properties of footwear 100
depending on desired uses, aging of the shoe, or other
conditions of use.
[0055] In one embodiment, one or more support ele-
ments 510 may be solid elements. For example, as
shown in FIG. 30, a support element 510 may be com-
pletely solid, as shown by support element 513, or may
be partially solid, as shown by support elements 515 and
517. The solid support elements may be filled with the
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same material as the support surface 511 and formed as
a unitary piece, or may be filled with a different material,
such as, for example, foam or other suitable material. In
one embodiment, support element 510 may be filled with
a portion of plate 300. The solid support elements may
be adapted to provide additional support to midsole 202.
In other embodiments, support element 510 may be hol-
low, fluid filled, or filled with pressurized or ambient air.
[0056] The foregoing description of the specific em-
bodiments will so fully reveal the general nature of the
invention that others can, by applying knowledge within
the skill of the art, readily modify and/or adapt for various
applications such specific embodiments, without undue
experimentation, without departing from the general con-
cept of the present invention. Therefore, such adapta-
tions and modifications are intended to be within the
meaning and range of equivalents of the disclosed em-
bodiments, based on the teaching and guidance present-
ed herein. It is to be understood that the phraseology or
terminology herein is for the purpose of description and
not of limitation, such that the terminology or phraseology
of the present specification is to be interpreted by the
skilled artisan in light of the teachings and guidance.
[0057] The breadth and scope of the present invention
should not be limited by any of the above-described ex-
emplary embodiments, but should be defined only in ac-
cordance with the following claims and their equivalents.
[0058] In the following, further embodiments are de-
scribed to facilitate the understanding of the invention:

1. An article of footwear comprising:
an undulating foam sole comprising:

a plurality of spaced apart peaks, wherein at
least one pair of adjacent peaks define a gap
void of material between adjacent peaks; and
a plurality of spaced apart troughs, wherein at
least one trough is adapted to engage the
ground and wherein at least one pair of adjacent
troughs define a gap void of material between
adjacent troughs.

2. The article of footwear of embodiment 1, wherein
the plurality of spaced apart peaks extend along a
width of the sole in a lateral to medial direction and
wherein the plurality of spaced apart troughs extend
along the width of the sole in the lateral to medial
direction.
3. The article of footwear of embodiment 1, wherein
the plurality of spaced apart peaks extend along a
length of the sole in a toe to heel direction and where-
in the plurality of spaced apart troughs extend along
the length of the sole in the toe to heel direction.
4. The article of footwear of embodiment 1, wherein
the undulating foam sole is substantially sinusoidal
in shape.
5. The article of footwear of embodiment 1, further
comprising a plate attached to the plurality of spaced

apart peaks.
6. An article of footwear comprising:

an undulating foam midsole comprising:

a first side;
a second side;
a plurality of spaced apart peaks extending
along a width of the midsole between the
first and second sides; and
a plurality of spaced apart troughs extend-
ing along a width of the midsole between
the first and second sides,

wherein at least one pair of adjacent peaks de-
fine a gap void of material between the adjacent
peaks, the gap between adjacent peaks extend-
ing along the width of the midsole with one end
at the first side and another end at the second
side, and
wherein at least one pair of adjacent troughs de-
fine a gap void of material between the adjacent
troughs, the gap between adjacent troughs ex-
tending along the width of the midsole with one
end at the first side and another end at the sec-
ond side.

7. The article of footwear of embodiment 6, wherein
the undulating foam midsole comprises two pieces
wherein each piece comprises:

a first side;
a second side;
a plurality of spaced apart peaks extending
along a width of the piece between the first and
second sides of the piece; and
a plurality of spaced apart troughs extending
along a width of the piece between the first and
second sides of the piece.

8. The article of footwear of embodiment wherein the
two pieces of the midsole comprise a lateral piece
and a medial piece.
9. The article of footwear of embodiment 6, wherein
at least one trough is adapted to engage the ground.
10. The article of footwear of embodiment 6, wherein
the undulating foam midsole is substantially sinusoi-
dal in shape.
11. The article of footwear of embodiment 6, wherein
the plurality of spaced apart peaks are substantially
v-shaped.
12. The article of footwear of embodiment 6, wherein
the plurality of spaced apart peaks are substantially
omega-shaped.
13. The article of footwear of embodiment 6, wherein
the plurality of spaced apart peaks have a greater
height at the first and second sides of the sole than
in an area between the first and second sides.
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14. The article of footwear of embodiment 13, further
comprising a plate attached to the plurality of spaced
apart peaks, wherein the plate is disposed on each
of the plurality of spaced apart peaks in the area
between the first and second sides.
15. An article of footwear comprising:

an undulating midsole comprising:

a first side;
a second side;
a plurality of spaced apart peaks extending
along a width of the midsole between the
first and second sides; and
a plurality of spaced apart troughs extend-
ing along a width of the midsole between
the first and second sides; and

a plate attached to the plurality of spaced apart
peaks;
wherein the plurality of spaced apart peaks have
a greater height at the first and second sides of
the midsole than in an area between the first and
second sides.

16. The article of footwear of embodiment 15, where-
in the plate is disposed on each of the plurality of
spaced apart peaks in the area between the first and
second sides.
17. The article of footwear of embodiment 15, where-
in the undulating midsole is substantially sinusoidal
in shape.
18. The article of footwear of embodiment 15, where-
in at least one trough is adapted to engage the
ground.
19. The article of footwear of embodiment 15, where-
in the undulating midsole comprises two pieces
wherein each piece comprises:

a first side;
a second side;
a plurality of spaced apart peaks extending
along a width of the piece between the first and
second sides of the piece; and
a plurality of spaced apart troughs extending
along a width of the piece between the first and
second sides of the piece.

20. The article of footwear of embodiment 19, where-
in the two pieces of the midsole comprise a lateral
piece and a medial piece.
21. A sole for an article of footwear, comprising:
a midsole having a heel portion, a forefoot portion,
a medial sidewall and a lateral sidewall, and wherein
the midsole is substantially sinusoidal along at least
a portion of the length of the midsole, and wherein
the midsole extends along a width of the midsole.
22. The sole of embodiment 21, wherein the midsole

extends across the entire width of the midsole be-
tween the medial sidewall and the lateral sidewall.
23. The sole of embodiment 21, wherein the lateral
sidewall is substantially sinusoidal.
24. The sole of embodiment 21, wherein the midsole
is substantially sinusoidal along substantially the en-
tire length of the midsole.
25. The sole of embodiment 21, wherein the midsole
is substantially sinusoidal along the length of the heel
portion of the midsole.
26. The sole of embodiment 21, wherein the lateral
sidewall includes a plurality of peaks having rounded
top surfaces.
27. The sole of embodiment 21, wherein the lateral
sidewall includes a plurality of peaks having flat top
surfaces.
28. The sole of embodiment 21, wherein the lateral
sidewall includes a plurality of peaks having pointed
top surfaces.
29. The sole of embodiment 21, wherein the midsole
extends across the entire width of the midsole be-
tween the medial sidewall and the lateral sidewall
and includes a top surface shaped to receive an up-
per of an article of footwear, and wherein the lateral
sidewall includes a plurality of peaks having rounded
top surfaces.
30. The sole of embodiment 21, wherein the midsole
comprises foam.
31. The sole of embodiment 30, further comprising
an outsole coupled to the midsole.
32. A sole for an article of footwear, comprising:
a midsole having a top surface, a bottom surface, a
medial sidewall, and a lateral sidewall, wherein the
midsole undulates to define a plurality of spaced
apart gaps in the top surface and a plurality of spaced
apart gaps in the bottom surface.
33. The sole of embodiment 32, wherein each of a
plurality of top surface gaps is disposed between ad-
jacent bottom surface gaps.
34. The sole of embodiment 32, wherein the top sur-
face gaps are substantially evenly spaced apart.
35. The sole of embodiment 32, wherein the bottom
surface gaps are substantially evenly spaced apart.
36. The sole of embodiment 32, wherein the midsole
comprises foam.
37. The sole of embodiment 32, wherein the lateral
sidewall includes a plurality of peaks, wherein each
peak is disposed between adjacent top surface gaps.
38. The sole of embodiment 37, wherein the lateral
sidewall peaks include rounded top surfaces.
39. The sole of embodiment 37, wherein the lateral
sidewall peaks include flat top surfaces.
40. The sole of embodiment 37, wherein the lateral
sidewall peaks include pointed top surfaces.
41. The sole of embodiment 32, wherein the midsole
extends across the entire width of the sole between
the medial sidewall and the lateral sidewall.
42. The sole of embodiment 41, wherein the portion
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of the midsole between the medial sidewall and the
lateral sidewall does not undulate.
43. The sole of embodiment 32, wherein the midsole
extends along substantially the entire length of the
sole.
44. The sole of embodiment 32, wherein at least one
gap extends across the entire width of the midsole.
45. An article of footwear, comprising:

an upper; and
a foam sole disposed below the upper such that
a gap is disposed between the sole and the up-
per, the sole having a heel portion, a forefoot
portion, a medial sidewall and a lateral sidewall,
and wherein the sole is substantially sinusoidal
along the length of the sole, and wherein the
sole extends along a width of the sole.

46. The article of footwear of embodiment 45, where-
in a plurality of gaps are disposed between the sole
and the upper.
47. The article of footwear of embodiment 45, where-
in the sole extends across the entire width of the sole
between the medial sidewall and the lateral sidewall.
48. The article of footwear of embodiment 45, further
comprising a plate disposed intermediate to the up-
per and the sole.
49. The article of footwear of embodiment 48, where-
in at least a portion of a gap is disposed intermediate
to the sole and the plate.
50. The article of footwear of embodiment 45, where-
in the lateral sidewall includes a plurality of peaks
having rounded top surfaces.
51. The article of footwear of embodiment 45, where-
in the lateral sidewall includes a plurality of peaks
having flat top surfaces.
52. The article of footwear of embodiment 45, where-
in the lateral sidewall includes a plurality of peaks
having pointed top surfaces.
53. A method of manufacturing a sole for an article
of footwear, the method comprising the steps of:

molding an undulating foam midsole in a mold;
removing the foam midsole from the mold;
placing the foam midsole on a form having a
plurality of spaced apart ridges; and
cooling the foam midsole.

54. The method of embodiment 53, further compris-
ing the step of incorporating the foam midsole into
an article of footwear.
55. The method of embodiment 53, wherein the mold
comprises a plurality of spaced apart ridges and at
least one injection site disposed in between two ad-
jacent ridges.
56. The method of embodiment 55, wherein the mold
comprises eleven injection sites.
57. An article of footwear comprising:

an undulating foam sole, comprising:

a plurality of spaced apart peaks, wherein
at least one pair of adjacent peaks define a
first gap substantially devoid of material be-
tween adjacent peaks, and
a plurality of spaced apart troughs, wherein
at least one pair of adjacent troughs define
a second gap substantially devoid of mate-
rial between adjacent troughs; and

a support element coupled to said sole for pro-
viding support thereto.

58. The article of footwear of embodiment 57, where-
in the support element is disposed in the first gap.
59. The article of footwear of embodiment 57, where-
in the support element is disposed in the second gap.
60. An article of footwear comprising:

an upper;
a plate connected to said upper;
an undulating sole having a top side connected
to said plate and a bottom side, the sole com-
prising a plurality of spaced apart peaks defining
a plurality of gaps in the top side and a plurality
of spaced apart troughs defining a plurality of
gaps in the bottom side; and
a support element disposed in between the sole
and the plate for providing support to the sole.

61. The article of footwear according to embodiment
60, wherein the support element is disposed in a gap
in the top side of the sole.
62. The article of footwear according to embodiment
61, further comprising a plurality of support ele-
ments, each disposed in a gap in the top side of said
sole.
63. The article of footwear according to embodiment
62, wherein the plurality of support elements com-
prises two support elements.
64. The article of footwear according to embodiment
62, wherein the plurality of support elements com-
prises three support elements.
65. The article of footwear according to embodiment
62, wherein the plurality of support elements com-
prises four support elements.
66. The article of footwear according to embodiment
62, wherein the plurality of support elements com-
prises five support elements.
67. The article of footwear according to embodiment
62, wherein a support element is disposed in each
of the plurality of gaps in the top side of the sole.
68. The article of footwear according to embodiment
62, wherein the plurality of support elements are con-
nected.
69. The article of footwear of embodiment 60, where-
in the support element is disposed on a medial side

21 22 



EP 3 603 437 A1

13

5

10

15

20

25

30

35

40

45

50

55

of the sole.
70. The article of footwear of embodiment 60, where-
in the support element is disposed on a lateral side
of the sole.
71. The article of footwear of embodiment 60, where-
in the support element extends across only a portion
of the width of the sole.
72. The article of footwear of embodiment 60, where-
in the support element extends across the entire
width of the sole.
73. The article of footwear of embodiment 60, where-
in the support element is substantially u-shaped.
74. The article of footwear of embodiment 61, where-
in the support element fits snugly in the gap in the
top side of said sole.
75. The article of footwear of embodiment 61, where-
in the support element is attached to the sole with
adhesive.
76. The article of footwear of embodiment 60, where-
in the support element is integral with said plate.
77. An article of footwear comprising:
an undulating foam sole comprising:

a plurality of spaced apart peaks, wherein at
least one pair of adjacent peaks define a gap
void of material between adjacent peaks; and
a plurality of spaced apart troughs, wherein at
least one trough is adapted to engage the
ground and wherein at least one pair of adjacent
troughs define a gap void of material between
adjacent troughs.

78. The article of footwear of embodiment 77, where-
in the plurality of spaced apart peaks extend along
a width of the sole in a lateral to medial direction and
wherein the plurality of spaced apart troughs extend
along the width of the sole in the lateral to medial
direction.
79. The article of footwear of embodiment 77, where-
in the plurality of spaced apart peaks extend along
a length of the sole in a toe to heel direction and
wherein the plurality of spaced apart troughs extend
along the length of the sole in the toe to heel direction.
80. The article of footwear of embodiment 77, where-
in the undulating foam sole is substantially sinusoidal
in shape.
81. An article of footwear comprising:

an undulating foam midsole comprising:

a first side;
a second side;
a plurality of spaced apart peaks extending
along a width of the midsole between the
first and second sides; and
a plurality of spaced apart troughs extend-
ing along a width of the midsole between
the first and second sides,

wherein at least one pair of adjacent peaks de-
fine a gap void of material between the adjacent
peaks, the gap between adjacent peaks extend-
ing along the width of the midsole with one end
at the first side and another end at the second
side, and
wherein at least one pair of adjacent troughs de-
fine a gap void of material between the adjacent
troughs, the gap between adjacent troughs ex-
tending along the width of the midsole with one
end at the first side and another end at the sec-
ond side.

82. The article of footwear of embodiment 81, where-
in the undulating foam midsole comprises two pieces
wherein each piece comprises:

a first side;
a second side;
a plurality of spaced apart peaks extending
along a width of the piece between the first and
second sides of the piece; and
a plurality of spaced apart troughs extending
along a width of the piece between the first and
second sides of the piece.

83. The article of footwear of embodiment 82, where-
in the two pieces of the midsole comprise a lateral
piece and a medial piece.
84. The article of footwear of embodiment 81, where-
in at least one trough is adapted to engage the
ground.
85. An article of footwear comprising:

an undulating midsole comprising:

a first side;
a second side;
a plurality of spaced apart peaks extending
along a width of the midsole between the
first and second sides; and
a plurality of spaced apart troughs extend-
ing along a width of the midsole between
the first and second sides; and

a plate attached to the plurality of spaced apart
peaks;
wherein the plurality of spaced apart peaks have
a greater height at the first and second sides of
the midsole than in an area between the first and
second sides.

86. The article of footwear of embodiment 85, where-
in the plate is disposed on each of the plurality of
spaced apart peaks in the area between the first and
second sides.
87. The article of footwear of embodiment 85, where-
in the undulating midsole is substantially sinusoidal
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in shape.
88. The article of footwear of embodiment 85, where-
in at least one trough is adapted to engage the
ground.
89. An article of footwear comprising:

an upper;
a plate connected to the upper; and
an undulating sole having a top surface connect-
ed to the plate and a bottom surface, the sole
comprising a plurality of spaced apart peaks de-
fining a plurality of gaps in the top surface and
a plurality of spaced apart troughs defining a plu-
rality of gaps in the bottom surface.

90. The article of footwear of embodiment 89, further
comprising a support element coupled to the sole for
providing support thereto.
91. The article of footwear of embodiment 90, where-
in the support element is disposed in a gap in the
top surface of the sole.
92. An article of footwear comprising:
an undulating foam sole comprising:

a plurality of spaced apart peaks, wherein at
least one pair of adjacent peaks define a gap
void of material between adjacent peaks; and
a plurality of spaced apart troughs, wherein at
least one trough is adapted to engage the
ground and wherein at least one pair of adjacent
troughs define a gap void of material between
adjacent troughs.

93. The article of footwear of embodiment 92, where-
in the plurality of spaced apart peaks extend along
a width of the sole in a lateral to medial direction and
wherein the plurality of spaced apart troughs extend
along the width of the sole in the lateral to medial
direction.
94. The article of footwear of embodiment 92, where-
in the plurality of spaced apart peaks extend along
a length of the sole in a toe to heel direction and
wherein the plurality of spaced apart troughs extend
along the length of the sole in the toe to heel direction.
95. The article of footwear of embodiment 92, where-
in the undulating foam sole is substantially sinusoidal
in shape.
96. The article of footwear of embodiment 92, further
comprising a plate attached to the plurality of spaced
apart peaks.
97. The article of footwear of embodiment 92, where-
in the undulating foam sole is an undulating foam
midsole that further comprises:

a first side and a second side;
wherein the plurality of spaced apart peaks ex-
tends along a width of the midsole between the
first and second sides, and wherein the plurality

of spaced apart troughs extends along a width
of the midsole between the first and second
sides; and further
wherein the gap void of material between adja-
cent peaks extends along the width of the mid-
sole with one end at the first side and another
end at the second side, and

wherein the gap void of material between adjacent
troughs extends along the width of the midsole with
one end at the first side and another end at the sec-
ond side.
98. The article of footwear of embodiment 97, where-
in the undulating foam midsole comprises two pieces
wherein each piece comprises:

a first side;
a second side;
a plurality of spaced apart peaks extending
along a width of the piece between the first and
second sides of the piece; and
a plurality of spaced apart troughs extending
along a width of the piece between the first and
second sides of the piece.

99. The article of footwear of embodiment 98, where-
in the two pieces of the midsole comprise a lateral
piece and a medial piece.
100. An article of footwear comprising:

an upper;
a plate connected to the upper; and
an undulating sole having a top surface connect-
ed to the plate and a bottom surface, the sole
comprising a plurality of spaced apart peaks de-
fining a plurality of gaps in the top surface and
a plurality of spaced apart troughs defining a plu-
rality of gaps in the bottom surface.

101. The article of footwear of embodiment 100, fur-
ther comprising a support element coupled to the
sole for providing support thereto.
102. The article of footwear of embodiment 101,
wherein the support element is disposed in a gap in
the top surface of the sole.
103. The article of footwear of embodiment 100, fur-
ther comprising a plurality of support elements for
providing support to the sole, wherein each support
element is disposed in a gap in the top surface of
the sole.
104. The article of footwear of embodiment 103,
wherein the plurality of support elements are con-
nected.
105. The articles of footwear of embodiment 101,
wherein the support element is substantially u-
shaped.
106. The article of footwear of embodiment 101,
wherein the support element fits snugly in the gap in
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the top surface of the sole.

Claims

1. An article of footwear comprising:

an upper;
a plate connected to the upper; and
an undulating sole having a top surface connect-
ed to the plate and a bottom surface, the sole
comprising a plurality of spaced apart peaks de-
fining a plurality of gaps in the top surface and
a plurality of spaced apart troughs defining a plu-
rality of gaps in the bottom surface.

2. The article of footwear of claim 1, further comprising
a support element coupled to the sole for providing
support thereto.

3. The article of footwear of claim 2, wherein the support
element is disposed in between the sole and the
plate.

4. The article of footwear of claim 2 or 3, wherein the
support element is disposed in a gap in the top sur-
face of the sole.

5. The article of footwear of one of claims 1 - 4, com-
prising a plurality of support elements for providing
support to the sole, wherein each support element
is disposed in a gap in the top surface of the sole.

6. The article of footwear of claim 5, wherein the plu-
rality of support elements are connected.

7. The article of footwear of one of claims 2 - 6, wherein
the support element is substantially u-shaped.

8. The article of footwear of one of claims 4 - 7, wherein
the support element fits snugly in the gap in the top
surface of the sole.

9. The article of footwear of one of claims 2 - 8, wherein
the support element is disposed on a medial side of
the sole.

10. The article of footwear of one of claims 2 - 9, wherein
the support element is disposed on a lateral side of
the sole.

11. The article of footwear of one of claims 2 - 10, wherein
the support element extends across only a portion
of the width of the sole.

12. The article of footwear of one of claims 2 - 10, wherein
the support element extends across the entire width
of the sole.

13. The article of footwear of one of claims 5 - 10, wherein
one or more support elements extend only across a
portion of the width of sole and one or more support
elements extend across the entire width of the sole.

14. The article of footwear of one of claims 2 - 13, wherein
the support element is attached to the sole with ad-
hesive.

15. The article of footwear of one of claims 2 - 14, wherein
the support element is integral with the plate.
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