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SOLE FOR A SPORTS SHOE

An inner sole for a sports shoe includes a top

surface arranged to face a foot of a wearer of a shoe when
the inner sole is arranged in the shoe. The top surface of
the inner sole includes at least two textured areas. The
textured areas each include a plurality of protuberances,
recesses, or holes. The top surface further includes at
least one untextured area not having protuberances,
recesses or holes. A first textured area is located in a
toe region of the inner sole, and a second textured area is
located in a heel region of the inner sole.
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Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] The presentapplicationis a continuation-in-part
of U.S. Application No. 18/526,888, filed December 1,
2023, which is incorporated herein by reference in its
entirety.

TECHNICAL FIELD

[0002] Embodiments described herein relate to an in-
ner sole for a sports shoe. Some embodiments described
herein relate to a sole component for a sports shoe.
Furtherembodiments relate to an upper for a sports shoe.

PRIOR ART

[0003] A vast array of factors is known to influence
sport performance. The most prevalent ones are related
to human physiology, biomechanics and various motor
control factors. Traditional sports equipment has been
regarded for the longest time as a facilitator, or enhancer
ofthese factors in order to improve core performance and
minimize injury and discomfort. During the last fifty to
sixty years, academic and industry based researchers
and engineers have pushed the boundaries of both
sports theoretical knowledge and practical applications
by means of developing ever increasingly sophisticated
materials, product designs and training routines aimed at
increasing performance.

[0004] While these developments are still ongoing, in
certain areas the boundaries of what can be achieved
from an engineering and design perspective have been
reached, and the industry is in search of other venues that
could lead to novel performance products that have a
significant and perceivable effect on performance.
[0005] Arelatively new class of sport products focuses
on manipulating perception and attention in order to
optimize game performance. One of the underlying me-
chanisms is called proprioception (also kinesthesia) and
relates to the sense of self-movement, force, and body
position. Proprioception is mediated by proprioceptors,
mechanosensory neurons located within the skin, mus-
cles, tendons, and joints. Proprioceptive signals are
transmitted to the central nervous system, where they
are integrated with information from other sensory sys-
tems, such as the visual system and the vestibular sys-
tem, to create an overall representation of body position,
movement, and acceleration. Sensory feedback from
proprioceptors is important for stabilizing body posture
and coordinating body movement.

[0006] Forexample, US 2022/0134046 A1, refersto a
mechanoreception stimulation garment having a plurality
of protuberances disposed across an interior surface ofa
fabric garment, said plurality of protuberances configured
in size, grouping, and spacing to specifically target cu-
taneous receptors when brought in contact with a user.
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[0007] US 2005/252039 A1 relates to a method for
providing an insole and an insole for footwear for in-
creased sensory stimulation of a foot in the footwear.
The method includes preselecting positions on the foot
with nerves at these positions to be stimulated and pro-
viding means for stimulating elevation of said insole at
said preselected positions during step movement of said
foot on said insole.

[0008] DE 10 2005 053768 A1 relates to a method for
producing an insole, in particular a proprioceptive insole
for footwear, which has atleast one predetermined raised
area, generally several such areas, on an essentially flat
support with an essentially constant thickness.

[0009] Background information on the stimulation of
cutaneous receptors or afferents can for example be
found in Kennedy et al.: "Distribution and behaviour of
glabrous cutaneous receptors in the human foot sole"
(Journal of Physiology (2002), 538.3, pp. 995-1002) as
well as Katic et al.: "Modeling foot sole cutaneous affer-
ents: FootSim" (iScience 26, 105874, January 20, 2023).
[0010] However, known sports shoes still leave room
for improvement with respect to proprioception and ath-
letic performance, in particular with respect to the loca-
tion of stimulation of the foot but also with respect to
considering other aspects that result in a positive training
and competition experience, such as a comfortable feel-
ing and reducing unnecessary pressure on the foot.

SUMMARY OF THE INVENTION

[0011] The above-mentioned objects are at least par-
tially achieved by the claimed subject-matter. Additional
embodiments are the subject of the dependent claims,
and other suitable embodiments are described through
the overall disclosure of the present application.

[0012] In one aspect, these objects are addressed by
an inner sole for a sports shoe having a top surface
arranged to face a foot of a wearer of a shoe when the
innersoleis arranged in the shoe, wherein the top surface
includes at least two textured areas, wherein the textured
areas each include a plurality of protuberances, re-
cesses, holes, or a combination thereof, wherein the
top surface includes at least one untextured area not
having any protuberances, recesses or holes, wherein a
first textured area is located in a toe region of the inner
sole and a second textured areaislocatedin aheel region
of the inner sole.

[0013] An inner sole in the context of the present
application is understood as being adapted to be ar-
ranged in or being arranged in a shoe, such that a foot
of a wearer would touch the inner sole with a sole of the
wearer’s foot when wearing the shoe in a usual manner.
An inner sole is sometimes called insole or sockliner. It
generally has a flat shape and extends from a toe region
of the shoe to a heel region. In the context of the present
application, the inner sole can be fixedly or removably
attached to a shoe. The top surface of the inner sole is
understood as the surface of the inner sole facing a foot of
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a wearer when the inner sole is arranged in a shoe. Itis
understood that a shoe as well as the inner sole may be
"left" or "right" and that a "left" inner sole is intended to be
inserted or assembled into a "left" shoe and a "right" inner
sole is intended to be inserted or assembled into a "right"
shoe.

[0014] According to some embodiments, the inner sole
includes at least two textured areas. An area is under-
stood as a portion of the top surface of the inner sole. A
textured area includes a plurality of protuberances, re-
cesses, holes, or a combination thereof. Generally, a
protuberance is understood as a protruding feature of
the top surface thatincludes a pronounced tip, arecess is
understood as an indentation in the top surface that does
not form a hole, and a hole is understood as an aperture
that extends to the opposing bottom surface. In some
embodiments, the textured areas include a plurality of
such protuberances, recesses, holes, or a combination
thereof. Thus, the textured areas can be distinguished
from other areas not having such protuberances, re-
cesses, or holes, which are denoted as untextured areas.
In some embodiments, untextured area may be an area
of top surface that is smooth, flat, or planar.

[0015] It is understood that the textured areas may
either include just protuberances, just recesses, just
holes or combinations of protuberances, recesses, or
holes. Thus, a textured area may include just protuber-
ances, or it may include just recesses, or it may include
just holes, or it may include just protuberances and
recesses, or itmay include just protuberances and holes,
oritmay include justrecesses and holes, oritmayinclude
protuberances, recesses, and holes. Also, the first tex-
tured area may include one of the mentioned combina-
tions and the second textured area may include another
one of the mentioned combinations. For example, the
firsttextured area may include justrecesses, whereas the
second textured area may include just protuberances or
vice versa. Surprisingly, the inventors found out that a
proprioceptive effect can be achieved by protuberances,
recesses and holes.

[0016] Further, according to some embodiments, afirst
textured area is located in a toe region of the inner sole.
The toe region of the inner sole is understood as the area
in which the toes of a wearer would be located when the
inner sole is properly arranged in a shoe the wearer is
wearing. Generally, throughout this description, any re-
ference to anatomical areas or regions on the inner sole
or on a shoe upper or sole of a shoe is understood in
relation to a human foot wearing a shoe having suchinner
sole, upper or sole. Thus, a heel area or region is under-
stood as any area or region being located at a heel of a
human foot. Similar definitions apply for "metatarsal”,
"arch", "metatarsal-to-arch transition", "medial" and "lat-
eral" areas or regions.

[0017] Further, according to some embodiments, a
second textured area is located in a heel region of the
inner sole. Thus, the inner sole defines at least two
textured areas being located in a toe region and in a heel
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region, respectively, and furthermore at least one untex-
tured area. The inventors discovered that this arrange-
ment of protuberances, recesses or holes allows for an
optimal stimulation of the most important cutaneous re-
ceptors or afferents. By stimulating at least the toe and
the heel region of an athlete, proprioception in the foot is
able to measurably increase athletic performance, re-
sponsiveness and agility. On the other hand, the untex-
tured area adds to the comfort because not all areas of
the human foot are similarly important for proprioception
and protuberances, recesses or holes in high pressure
areas of the foot might be perceived as uncomfortable.
Furthermore, stimulating targeted locations of the foot
increases the proprioceptive effect.

[0018] Thus, the inner sole according to embodiments
described herein strikes a balance between a pro-
nounced proprioceptive effect on athletic performance
and a comfortable feeling. In addition, protuberances,
recesses and holes formed in the inner sole add to the
ventilation of the foot. While air may directly ventilate
through holes formed in the inner sole, protuberances
and recesses formed on and in the inner sole lead to the
formation of lateral air channels under the foot. Slight
movements of the foot in the shoe facilitate the flow and
exchange of air which leads to a certain thermoregula-
tion.

[0019] Another advantageous effect of the embodi-
ments of the present application is a massage effect
on the foot which fosters blood circulation. Consequently,
the foot does not get numb so easily compared to un-
textured surfaces. Furthermore, the surface texture
formed by protuberances, recesses and holes increases
the friction between the inner sole and the foot or sock
which adds to the overall stability of the shoe. Also, holes
generally help to save material and weight of the shoe.
[0020] Itis understood that an inner sole according to
embodiments described herein may be a separate ele-
ment, i.e. distinct from other components of a shoe, oran
integral component, i.e. integral with another component
or components of a shoe. For example, the inner sole
may be integral with a midsole, outsole or outsole plate of
ashoe. Itisalso possible thatthe inner sole is integral with
a lasting board or a Strobel sole. Thus, the protuber-
ances, recesses or holes would be arranged on the inner
surface of the midsole, outsole or outsole plate. Alter-
natively, the protuberances, recesses or holes may be
arranged on an inner surface of a lasting board or Strobel
sole.

[0021] The textured areas may correspond to areas of
a human foot having a higher density of mechanorecep-
tors compared to areas of the human foot corresponding
to untextured areas of the inner sole. In this way, a
targeted stimulation is possible in areas of the foot re-
sulting in the most pronounced advantageous proprio-
ceptive effect. Areas of the inner sole corresponding to a
lower density of mechanoreceptors may be untextured
which adds to the comfortable feeling and allows a more
differentiated and anatomically precise stimulation. "Me-
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chanoreceptors" as used herein are understood as cu-
taneous receptors or afferents in the sole of the human
foot that are able to sense mechanical pressure or skin
stretch or absence thereof on the skin of the human foot.
[0022] Another advantage of the inner sole according
to embodiments described herein is that it may reduce
foot movement within the footwear, which may also im-
prove comfort and performance during certain move-
ments. Thus, the protuberances, recesses or holes in-
crease the friction between the inner sole and a foot or
sock of a wearer. In this way, the inner sole helps to
specifically create interactions between the inner sole
or sockliner and a sock, skin or foot. Those interactions
have a higher friction than in existing footwear and even
allow reducing the amount of stability required from an
upper of the shoe which in turn could save manufacturing
costs but also results in a more lightweight shoe. Also,
often athletes and players wear specific grip socks, the
need for which could potentially be reduced by the inner
sole according to embodiments described herein.
Rather, athletes or players could wear socks that focus
on comfort rather than grip.

[0023] The first textured area and the second textured
area may be distinct and separated by the untextured
area. Thus, the first and second textured areas form
separated and distinct regions on the top surface of
the inner sole. The untextured area according to this
particular embodiment is at least partially arranged be-
tween the textured areas to separate them. This allows a
very targeted stimulation of the mechanoreceptors in the
human foot while the untextured area between the two
stimulating textured areas adds a contrast in stimulation
which adds to the proprioceptive effect as well as the
wearing comfort. In addition, a distinct pattern of textured
and untextured areas might also provide movement-
specific stimulation. For example, specific stimulation
can be provided during different phases of a gait cycle
such as rolling through the stance phase, push-off, land-
ing, etc.

[0024] The second textured area may be located in a
rearmost portion of the heel region. The inventors have
found that this particular location on the human foot is
important for a positive proprioceptive effect.

[0025] The inner sole may further include a third tex-
tured area located in a lateral portion of the heel region
and a fourth textured area located in a medial portion of
the heel region. This arrangement of textured areas
advantageously stimulates the heel during side motions
in which the strain on the foot, and thus on the shoe and
inner sole is more on the lateral or medial side. The third
and fourth areas may be separate and distinct from each
other. For example, an untextured area may be arranged
between the third and fourth textured areas.

[0026] The first untextured area may be located in a
central portion of the heel region. Usually, the highest
pressure of the heel of a human foot on a plane surface
such as an inner sole is exerted by the central portion of
the heel. Anatomically, the heel bone or calcaneous is
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located in the heel which has a globular shape that gives
rise to such a peak-like pressure distribution. By arran-
ging the untextured area in this central heel region, an
uncomfortable feeling due to protuberances, recesses or
holes is avoided. Yet, textured areas like for example the
third and fourth textured areas mentioned above, which
may be arranged around the central heel region, still
provide for sufficient proprioception to achieve a measur-
able positive effect on athletic performance and respon-
siveness.

[0027] The first untextured area may extend from the
heel region along a medial region into a metatarsal region
and may not extend into a toe region. The lack of pro-
tuberances, recesses or holes on the medial sideandina
part of the metatarsal region does not negatively affect
proprioception but instead increases the wearing com-
fort.

[0028] The first textured area may extend from the toe
region along a lateral region in a midfoot region and may
end before the heel region. The inventors found that
these regions are important for proprioception and that
protuberances, recesses or holes in these regions add to
a positive proprioceptive effect.

[0029] An untextured area may be located in a big toe
region. This adds to the general wearing comfort but does
not impair the positive proprioceptive effect mentioned
herein.

[0030] An untextured area may be located in a medial
metatarsal region and surrounded by the first textured
area. In this way, unnecessary pressure in the medial
metatarsal region is avoided. Yet, as this area is sur-
rounded by protuberances, recesses or holes, a pro-
nounced proprioceptive effect is achieved.

[0031] The untextured area may be located at a lateral
metatarsal-to-arch transition region. Similar to the loca-
tion mentioned above, unnecessary pressure is avoided,
yet a pronounced proprioceptive effect is achieved.
[0032] The inner sole may further include a fifth tex-
tured area located in a medial metatarsal-to-arch transi-
tion region. The inventors have found that this particular
location advantageously adds to the proprioceptive ef-
fect. This is due to the fact that this particular area shows
a high density of mechanoreceptors.

[0033] The density of protuberances, recesses or
holes may be higher on a first portion of the inner sole
compared to a second portion of the inner sole. For
example, the density of protuberances, recesses or holes
may be higher on a lateral side of the inner sole compared
to a medial side of the inner sole. The density of mechan-
oreceptors is generally higher on the lateral side of a
human foot such that a higher density of protuberances,
recesses or holes on this side generally achieves a
pronounced positive proprioceptive effect, while the
medial side may have a lower density of protuberances,
recesses or holes which adds to the wearing comfort, but
also tangibly contrasts with the lateral side which again
amplifies the proprioceptive effect. Density in the context
of the present application is understood as the number of
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protuberances, recesses or holes per surface area, e.g.
protuberances, recesses or holes per square centimeter.
The surface area may encompass textured and untex-
tured areas of the inner sole, such that the density is
understood as an average value.

[0034] The hardness of the protuberances may vary
across the inner sole. In some embodiments, a first
textured area may have protuberances of a first hard-
ness, and a second textured area may have protuber-
ances of a second hardness that differs from the first
hardness. In this way, the hardness may be adapted to
the density and sensitivity of mechanoreceptors in the
human foot. Additionally, or alternatively, the hardness
may reflect the local hardness of the skin of the human
foot with harder protuberances being placed in harder
areas of the skin of the human foot compared to softer
areas. In another example, the hardness of the protuber-
ances may reflect the thickness of fat tissue in the human
foot.

[0035] The hardness of the protuberances may corre-
late with the hardness of the skin of a human foot. Thus,
harder protuberances are placed in areas of the human
foot having a higher skin hardness and softer protuber-
ances may be placed in areas of the human foot having a
lower skin hardness. In this way, underlying mechanor-
eceptors may still be sufficiently stimulated even in case
of harder skin covering those mechanoreceptors. On the
other hand, mechanoreceptors covered by softer skin are
not excessively stimulated. Moreover, the wearing com-
fort is increased by targeting the hardness of the pro-
tuberances to the surface properties of the human foot.
[0036] The untextured areas may be located in areas
having a local maximum of a pressure distribution of
pressure caused by a human foot standing on the inner
sole. The pressure distribution of the human foot can
generally be measured by pressure plates resulting in a
distribution of pressure, i.e. a particular pressure value
associated with a particular location on the pressure
plate. When the inner sole described herein is arranged
in a shoe, the pressure distribution of the foot of the
wearer will be similar, if not identical to the measured
pressure distribution. The pressure distribution will show
local maxima in which the pressure is highest compared
to surrounding locations. Arranging untextured areas in
such local maxima of the pressure distribution adds to the
wearing comfort.

[0037] At least one local maximum of the pressure
distribution may be surrounded by a textured area. In
this way, a proprioceptive effect described herein is
achieved while avoiding negative effects of protuber-
ances, recesses or holes being located in the local pres-
sure maximum. A local maximum of pressure may for
example be presentin the central region of the heelandin
the central region of the ball of the toe. Protuberances,
recesses or holes may be perceived as uncomfortable in
those locations.

[0038] The protuberances may have a pyramidal
shape. The inventors found out that this shape allows
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for a very pronounced positive proprioceptive effect.
Also, pyramids are advantageous from a production
perspective and may for example be obtained by mold-
ing.

[0039] The pyramids may have a rounded tip. The
inventors found that rounded tips do not impair proprio-
ception, but are perceived as more comfortable com-
pared to pointed tips. Also, the wear of socks is reduced
with rounded tips.

[0040] The protuberances may have an average dia-
meter of 1-10mm, 2-5mm, or 3-4mm. The inventors found
that these dimensions produce the desired propriocep-
tive effect on the mechanoreceptors of a human foot yet
are perceived as comfortable.

[0041] The protuberances may have an average
height of 0.5-5mm, 0.75-3mm, or 1-1.5mm. The inven-
tors found that these ranges of height produce the de-
sired proprioceptive effect on the mechanoreceptors of a
human foot yet are perceived as comfortable.

[0042] The protuberances have a hardness of 40-70
Shore-A, or 50-60 Shore-A. The inventors found that this
hardness range produces the desired proprioceptive
effect on the mechanoreceptors of a human foot yet
are perceived as comfortable.

[0043] Theinnersole may furtherinclude atextile layer,
wherein the protuberances, recesses or holes are ar-
ranged on the textile layer. A textile layer adds to a
comfortable feeling. Moreover, textiles have the ability
to wick moisture which is an important aspect for an inner
sole.

[0044] Theinner sole may further include a foam layer,
wherein the textile layer is arranged on the foam layer. A
foam layer produces a soft feeling on the foot and is able
to compensate for different foot anatomies of different
wearers. In addition, it may provide some level of cush-
ioning. Despite a foam layer, the protuberances, re-
cesses or holes on the inner sole still provide the positive
proprioceptive effect described herein.

[0045] Thefoamlayermayinclude a polymericfoam,in
particular, at least one of polyurethane (PU) foam, such
as thermoplastic polyurethane (TPU) foam, polyamide
(PA) foam, polyether-block-amide (PEBA) foam, thermo-
plastic polyester ether elastomer (TPEE) foam. Alterna-
tively the foam layer may include a particle foam material,
in particular one or more of the following materials: ex-
panded thermoplastic polyurethane (eTPU); expanded
polyamide (ePA); expanded polyether-block-amide
(ePEBA); expanded polylactide (ePLA); expanded poly-
ethylene terephthalate (ePET); expanded polybutylene
terephthalate (ePBT); expanded thermoplastic polyester
ether elastomer (eTPEE).

[0046] The foam particles may be made of, or include,
expanded thermoplastic materials, especially thermo-
plastic polyurethane (TPU), polylactate (PLA), polya-
mide (PA), polyether block amide (PEBA), polyethylene
terephthalate (PET), polybutylene terephthalate (PBT),
or thermoplastic polyester ether elastomer (TPEE). The
foam particles may be a bead containing multiple poly-
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mer types in one foam particle or the foam particles may
be a mixture of different particles of different foam poly-
mers or combinations thereof. The foam particles may
include 90 % by weight of one or a mixture of these
materials. These foam particles are particles that include
a so-called bead foam, also known in the art as a pellet or
particle foam. Often the foams derived from the use of
connected foam particles are given the designation "e" to
denote the bead form of the polymer foam component, for
example, eTPU.

[0047] Generally, the foam layer may have multiple
hardness components or materials. For example, the
foam layer may have a higher hardness in a heel region
as compared to a toe region. In another example, the
foam layer may include EVA and PU.

[0048] The height of the protuberances may vary
across the inner sole. For example, the protuberances
may be higher in a heel region of the inner sole compared
to other regions of the inner sole. In general, the size of
the protuberances may be adapted to the sensitivity of
regions of the foot.

[0049] The shape of the protuberances may vary
across the inner sole. In general, the shape of the pro-
tuberances may be adapted to the sensitivity of regions of
the foot.

[0050] Theinnersole may have been manufactured by
an additive manufacturing process. Exemplary additive
manufacturing processes include material extrusion,
stereolithography, liquid additive manufacturing and la-
ser sintering. Additive manufacturing allows for geome-
tries that are not possible with molding and has a high
potential for customization.

[0051] The inner sole may be integral with a sole
component of a shoe. The sole component may be a
midsole, outsole or outsole plate. Thus, the protuber-
ances would protrude from the midsole, outsole or out-
sole plate. Anintegral inner sole advantageously reduces
the weight of the shoe but also avoids a movement of the
inner sole in the shoe.

[0052] The inner sole according to embodiments de-
scribed herein may be an orthopedic insert. Thus, the
orthopedic insert may include protuberances, recesses
orholes as described herein. An orthopedic insert may be
customized for a particular wearer and may compensate
for orthopedic issues the wearer might have. As such, an
orthopedic insert may not cover the entire foot of a
wearer. For example, an orthopedic insert may extend
along a medial or lateral side only. In another example, an
orthopedic insert may not extend over the full length of a
foot. For example, an orthopedic insert may just cover a
heel region, an arch region or a toe region of a foot.
[0053] Some embodiments described herein relate to
a shoe having an inner sole as described herein. It goes
without saying that the technical properties shown or
described for the inner sole, the advantages and the
improvements over the state of the art are likewise ap-
plicable to the shoe, which is in particular a sports shoe.
Same applies vice versa.
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[0054] The shoe may furtherinclude a midsole, outsole
oroutsole plate, wherein the inner sole may be a separate
element from the midsole, outsole or outsole plate, or
wherein the inner sole may be integral with the midsole,
outsole or outsole plate. In this way, the advantageous
effects described herein may be provided by the midsole
itself or by a separate element. This allows for either a
highly integrated solution or for the option to customize
the inner sole.

[0055] Some embodiments relate to a method of man-
ufacturing an inner sole as described herein. The method
includes the steps of providing a base layer; and molding
the protuberances to the base layer to form the textured
and untextured areas. Again, it goes without saying that
the technical properties shown or described for the inner
sole, the advantages and the improvements over the
state of the art are likewise applicable to the method.
[0056] Generally, a sports shoe in embodiments de-
scribed herein may be a soccer shoe, arunning shoe, and
outdoor shoe or a basketball shoe. This list is not ex-
haustive but the inventors have noticed advantageous
proprioceptive effects in particular with the mentioned
types of sports shoes.

[0057] Some embodiments described herein relate to
an article of footwear that includes an inner sole compris-
ing afirst surface opposite a second surface, wherein the
first surface comprises an untextured area, and wherein
a plurality of protuberances are arranged on the second
surface. The article of footwear includes a midsole having
a top surface having a plurality of mating elements,
wherein the inner sole is removably securable to the
midsole. When the second surface of the inner sole is
arranged facing the top sur-face of the midsole, the
plurality of protuberances are engaged by the plurality
of mating elements and the second surface of the inner
sole is in facing engagement with the top surface of the
midsole.

[0058] In any of the various embodiments described
herein, the plurality of mating elements may include a
plurality of recesses.

[0059] In any of the various embodiments described
herein, the plurality of mating elements may be arranged
in a pattern corresponding to a pattern of the plurality of
protuberances.

[0060] In any of the various embodiments described
herein, the first surface may have no protuberances.
[0061] In any of the various embodiments described
herein, the second surface may have protuberances ar-
ranged in afirstregion and no protuberances arranged in
a second region.

[0062] In any of the various embodiments described
herein, a toe region includes first protuberances, a heel
region includes second protuberances, and the midfoot
region includes an untextured area with no protuber-
ances.

[0063] In any of the various embodiments described
herein, the midsole is made of a foam material.

[0064] In any of the various embodiments described
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herein, the plurality of protuberances may be formed by a
liquid polymer application process.

[0065] In any of the various embodiments described
herein, the plurality of protuberances may be integrally
formed with the inner sole.

[0066] Some embodiments described herein relate to
a sole assembly for an article of footwear that includes a
first sole layer having a first surface opposite a second
surface, and a plurality of holes extending through the
first sole layer from the first surface to the second surface
in one or more regions of the first sole layer and config-
ured to provide a proprioceptive effect. The sole assem-
bly further includes a second sole layer coupled to the
second surface, wherein the second sole layer com-
prises no holes and is configured to be placed in contact
with a foot of a wearer.

[0067] In any of the various embodiments described
herein, the first sole layer includes a foam material.
[0068] In any of the various embodiments described
herein, the second sole layer includes a textile material.
[0069] In any of the various embodiments described
herein, first holes of the plurality of holes may be arranged
in a toe region, and second holes of the plurality of holes
may be arranged in a heel region. In some embodiments,
an untextured area may be arranged in a midfoot region
of the first sole layer.

[0070] Some embodiments described herein relate to
a sole for an article of footwear that includes an inner sole
having a top surface, a toe region, a midfoot region, and a
heel region and configured to support a foot of a wearer.
The sole includes first protuberances arranged at a toe
region of the inner sole, second protuberances arranged
along a lateral side of a midfoot region of the inner sole,
third protuberances arranged on a heel region of the inner
sole, and a first untextured area with no protuberances
arranged at a medial side of the midfoot region.

[0071] In any of the various embodiments described
herein, the sole may further include holes extending
through the midfoot region.

[0072] In any of the various embodiments described
herein, the second protuberances may have a size thatis
smaller than a size of the first protuberances.

[0073] In any of the various embodiments described
herein, the sole may further include a second untextured
area at a center of the heel region.

[0074] In any of the various embodiments described
herein, the sole may further include a second untextured
area at a lateral side of the toe region.

[0075] In any of the various embodiments described
herein, an enlarged protuberance arranged at the toe
region, wherein the enlarged protuberance comprises a
generally triangular shape.

BRIEF DESCRIPTION OF THE FIGURES
[0076] In the following, embodiments of the present

disclosure will be described in more detail with reference
to the following figures:
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FIGS. 1A-1C show an exemplary embodiment of an
inner sole.

FIGS. 2A-2D show exemplary protuberances ac-
cording to embodiments.

FIG. 3 shows a textile with protuberances to be used
in an inner sole according to embodiments.

FIG. 4 shows an illustration of a method of manu-
facturing an inner sole according to an embodiment.
FIG. 5 shows an exemplary embodiment of a sole
component according to some embodiments.
FIGS. 6A-6D show exemplary embodiments of 3D
printed inner soles or sole components according to
embodiments.

FIG. 7 shows an embodiment of an inner sole.
FIGS. 8A-8D illustrate embodiments of inner soles
with differently shaped protuberances.

FIG. 9A shows an embodiment of an inner sole
having both protuberances and holes.

FIG. 9B shows a shoe having the inner sole of FIG.
9A.

FIG. 9C shows the upper of the shoe of Fig. 9B in
more detail.

FIGS. 10A-10C show embodiments of a shoe, inner
sole and midsole according to embodiments.

FIG. 11 shows an exemplary embodiment of an
upper.

FIG. 12A shows a perspective view of a first side of
an inner sole according to an embodiment.

FIG. 12B shows a perspective view of a second side
of the inner sole of FIG. 12A.

FIG. 13 shows a midsole for use with inner sole of
FIGS. 12A-12B according to an embodiment.

FIG. 14A shows the inner sole of FIG. 12A arranged
in the midsole of FIG. 13.

FIG. 14B shows the inner sole of FIG. 12B arranged
in the midsole of FIG. 13.

FIG. 15A and 15B show cross sectional views of first
and second sides of an inner sole positioned for
coupling with a midsole according to an embodi-
ment.

FIGS. 16A and 16B show top and bottom views of a
sole assembly according to an embodiment.

FIG. 17 shows a cross sectional view of a sole
assembly having first and second layers according
to an embodiment.

FIG. 18A shows a top down view of a top side of an
inner sole according to an embodiment.

FIG. 18B shows a cross sectional view of protuber-
ances of the inner sole of FIG. 18A.

FIG. 18C shows a cross sectional view of an en-
larged protuberance of FIG. 18A.

FIG. 19 shows a top down view of a top side of an
inner sole according to an embodiment.

DETAILED DESCRIPTION

[0077] In the following only some possible embodi-
ments are described in detail. However, the present
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application is not limited to these embodiments, and a
multitude of other embodiments are applicable without
departing from the scope of the present disclosure. The
embodiments described herein can be modified in a
number of ways and combined with each other whenever
compatible and certain features may be omitted in so far
as they appear dispensable. In particular, the disclosed
embodiments may be modified by combining certain
features of one embodiment with one or more features
of another embodiment.

[0078] lItis to be understood that not all features of the
described embodiments have to be present for realizing
the technical advantages provided by the present dis-
closure, which is defined by the subject-matter of the
claims. The disclosed embodiments may be modified by
combining certain features of one embodiment with one
or more features of another embodiment. Specifically, the
skilled person will understand that features and func-
tional elements of one embodiment can be combined
with technically compatible features and functional ele-
ments of any other embodiment of the present disclosure
given that the resulting combination falls within the defi-
nition of the present disclosure.

[0079] While the embodiments below are described
primarily with reference to a sole for a shoe, in particular
fora sports shoe, the skilled person will recognize that the
disclosure can equally be applied in a plurality of different
technical fields or use cases.

[0080] Throughout the present application, the same
reference numerals refer to the same elements. For the
sake of clarity and conciseness, certain aspects of com-
ponents or steps of certain embodiments are presented
without undue detail where such detail would be apparent
to those skilled in the artin light of the teachings herein or
where such detail would obfuscate an understanding of
more pertinent aspects of the embodiments.

[0081] Asunderstood by the skilled person and in order
to avoid redundancies, reference is also made to the
explanations in the preceding sections, which also apply
to the following description. Further, not all features,
parts, elements, aspects, components or steps are ex-
pressly indicated by reference signs for the sake of
brevity and clarity. This particularly applies, where the
skilled person recognizes that such features, parts, ele-
ments, aspects, components or steps are present in a
plurality.

[0082] Generally, asfaras protuberances are shownin
the figures and mentioned in the following description, itis
understood that those could be replaced by recesses or
holes to achieve a similar proprioceptive effect. Similarly,
as far as holes are shown in the figures and mentioned in
the following description, itis understood that those could
be replaced by protuberances or recesses. Similarly, as
far as recesses are shown in the figures and mentioned in
the following description, itis understood that those could
be replaced by protuberances or holes. In particular, any
particular pattern of protuberances could be replaced by
a similar pattern of recesses or holes, any particular
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pattern of holes could be replaced by a similar pattern
of protuberances or recesses and any particular patter of
recesses could be replaced by a similar pattern of pro-
tuberances or holes.

[0083] Figures 1A and 1B show an embodiment,
wherein Fig. 1A shows an inner sole 1 in a side view
from the medial side of the inner sole 1 and Fig. 1B shows
the same inner sole 1 in a rear view. An inner sole 1 is
sometimes denoted as an insole or sockliner and is
generally intended to be placed in a shoe (not shown
in the figures). As such, the inner sole 1 will be placed
inside the shoe, such that a foot of a wearer of the shoe
may restontheinnersole 1. Thus, the inner sole 1 defines
a top surface 2 which is adapted to face the foot of a
wearer and a bottom surface (not shown in the figures)
which is adapted to face a midsole of the shoe.

[0084] Inthe exemplary embodimentof Figures 1Aand
1B, the inner sole 1 includes multiple layers. A base layer
is formed by a foam layer 11 which makes up the majority
of the inner sole 1 and generally defines its shape. The
foam layer 11 may for example be made from ethylene-
vinyl acetate (EVA) but other materials might be used as
well. For example, the foam layer 11 may include a
polymeric foam, in particular, atleast one of polyurethane
(PU) foam, such as thermoplastic polyurethane (TPU)
foam, polyamide (PA) foam, polyether-block-amide
(PEBA) foam, or thermoplastic polyester ether elastomer
(TPEE) foam.

[0085] Alternatively, the foam layer 11 may include a
particle foam material, in particular one or more of the
following materials: expanded thermoplastic polyur-
ethane (eTPU); expanded polyamide (ePA); expanded
polyether-block-amide (ePEBA); expanded polylactide
(ePLA); expanded polyethylene terephthalate (ePET);
expanded polybutylene terephthalate (ePBT); or ex-
panded thermoplastic polyester ether elastomer (eT-
PEE).

[0086] The foam particles may be made of, or include,
expanded thermoplastic materials, especially thermo-
plastic polyurethane (TPU), polylactate (PLA), polya-
mide (PA), polyether block amide (PEBA), polyethylene
terephthalate (PET), polybutylene terephthalate (PBT),
or thermoplastic polyester ether elastomer (TPEE). The
foam particles may also be a bead containing multiple
polymer types in one foam particle or the foam particles
may be a mixture of different particles of different foam
polymers or combinations thereof. In some embodi-
ments, the foam particles are 90 % by weight of one or
a mixture of these materials. These foam particles are
particles that include a so-called bead foam, also known
in the art as a pellet or particle foam. Often the foams
derived from the use of connected foam particles are
given the designation "e" to denote the bead form of the
polymer foam component, for example, eTPU.

[0087] Generally, the foam layer 11 may include multi-
ple hardness components or materials. For example, the
foam layer 11 may have a higher hardness in a heel
region as compared to a toe region. In another example,
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the foam layer 11 may include EVA and PU.

[0088] On top of the foam layer 11, a textile layer 10 is
arranged. The textile layer 10 in the example of Figures
1A and 1B is a knitted fabric which may be warp or weft
knitted. Generally, other textiles such as woven fabrics,
meshes or non-woven fabrics may be used. It should be
noted that the inner sole 1 in other embodiments includes
a single layer or more than two layers.

[0089] In the embodiment of Figures 1A and 1B, a
plurality of protuberances 4a are arranged on the textile
layer 10. The protuberances 4a are shown in more detail
in Fig. 1C which is the same exemplary inner sole 1 asin
Figures 1A and 1B but shown in a close-up view. As
shownin Fig. 1C, the protuberances 4a have a pyramidal
shape with a rounded tip 6 which is shown in more detail
in Figures 2A and 2B. In the exemplary embodiment of
Figures 1A, 1B and 1C, the protuberances 4a are made
from polyurethane (PU), but other materials might be
used as well, such as rubber.

[0090] Figures 2A and 2B show illustrations of the
protuberances 4a used in the exemplary embodiments
of Figures 1A, 1B and 1C. Each of the protuberances 4a
has a rounded tip 6. In alternative embodiments, the tips
would not be rounded as will be described with respect to
Figures 2C and 2D. In the dimensioned illustration of Fig.
2B, the protuberances 4a have a height of 1.2mm and a
base area of 2.5mm x 2.5mm as shown by the dimen-
sions 7, 8 and 9, respectively. In other embodiments, the
dimensions would be different. Also, the present disclo-
sure is not restricted to pyramidal shaped protuberances
and in other embodiments the protuberances could have
a hemispherical, diamond-like or elliptical shape to name
just a few non-limiting examples.

[0091] Figures 2C and 2D show alternative shapes of
the protuberances 4a. In this embodiment, the protuber-
ances 4a have a pyramidal shape as well. However, the
tips 6 of the pyramids are not rounded but sharp. Similar
to the protuberances 4a of Figures 2A and 2B, the pyr-
amids shown in Figures 2C and 2D have an exemplary
heightof 1.2 mm, and an exemplary base area of 2.5mm x
2.5mm as shown by the dimensions 7, 8 and 9, respec-
tively. In other embodiments, the dimensions may be
different.

[0092] Also, in other embodiments, the shape of the
protuberances 4a could vary across the surface of the
inner sole 1. Thus, the protuberances 4a could have a
different shape in the toe region compared to the heel
region. Likewise, while in the embodiment of Figures 1A,
1B and 1C, the protuberances 4a have the same dimen-
sions irrespective of their location on the top surface 2 of
the inner sole 1, in other embodiments, the dimensions
could vary. Thus, the protuberances 4a could have a
smaller diameter in the toe region compared to the heel
region. As far as reference is made herein to the dimen-
sions of the protuberances 4a, this could also be under-
stood as an average value, e.g. with respect to some
region of the inner sole 1, e.g. the toe region and the heel
region. Also, the term "diameter" is not necessarily under-
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stood as referring to a circular shape but refers to the
general dimension of the base portion of the protuber-
ances 4a or, alternatively, to the distances between the
tips of the protuberances 4a. As such, the protuberance
4a depicted in Fig. 2A has a quadratic base portion with a
length 8 and a width 9. Thus, the diameter of this parti-
cular protuberance 4a is said to be its length or width.
Alternatively, the length of the diagonal could be taken as
the diameter which, in the example of Figures 2B and 2D
would be V2 of the length 8 or width 9. Thus, the term
"diameter" as used herein relates to the order of magni-
tude of the protuberances.

[0093] The protuberances 4a in the exemplary embo-
diment of Figures 1A, 1B and 1C have a hardness of
40-70 Shore-A, and may have a hardness of 50-60
Shore-A. In other embodiments, the hardness would
be different. In still other embodiments, the hardness
could vary across the inner sole 1, e.g. by using different
materials in different regions of the inner sole 1. For
example, a stiffer material for the protuberances 4a could
be used in the toe region as compared to the heel region.
[0094] In some embodiments, protuberances, re-
cesses, or holes may be arranged in one or more rows
or columns, with rows extending in a direction between
medial and lateral sides of inner sole 1 and columns
extending in a direction between toe region and heel
region. Thus, protuberances, recesses, or holes may
be arranged in a grid-like pattern. The number of pro-
tuberances, recesses, or holes in each row or column
may differ to provide the desired layout of textured areas.
[0095] Inner sole may include one or more textured
areas, as shown in Figs. 1A-1C. Textured areas may be
spaced from one another, and may be separated by one
or more untextured areas 5a. Textured areas of inner sole
1 may have different shapes and arrangements. Further,
protuberances of each textured area may differ in one or
more of shape, dimensions, density, or material, as dis-
cussed in further detail herein. In the embodiment of Figs.
1A-C the protuberances 4a form a first textured area 3ain
the toe region, a second textured area 3b in the heel
region, a third textured area 3c in a lateral portion of the
heel region, a fourth textured area 3d in a medial portion
of the heel region, and a fifth textured area 3e in a medial
metatarsal-to-arch transition region. In some embodi-
ments, second textured area 3b may be arranged in a
rearmost portion of the heel region. An untextured area
5a is located in a medial metatarsal region. A further
untextured area 5b is located in a lateral metatarsal-to-
arch transition region. In other embodiments, the ar-
rangement of textured and untextured areas could be
different.

[0096] Fig. 3 shows an exemplary textile layer 10 with
overmolded protuberances 4a. The textile layer 10 is
shown before cutting and before it would be attached
to the foam layer 11, e.g. by gluing, stitching or welding.
[0097] Fig. 4 illustrates an exemplary method 100 of
manufacturing an exemplary inner sole 1 as described
herein. Method steps 110, 120 and 130 relate to manu-
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facturing a foam layer 11 and method steps 140, 150 and
160 relates to manufacturing a textile layer 10 with over-
molded protuberances 4a. Finally, method step 170 re-
lates to attaching the textile layer 10 to the foam layer 11.
Thus, method steps 110, 120 and 130 could be per-
formed simultaneously with method steps 140, 150
and 160. In other embodiments, the foam layer 11 could
be manufactured before the textile layer 10 and in still
other embodiments, the textile layer 10 could be manu-
factured first.

[0098] In a step 110, an EVA foam layer is cut from a
block of EVA material. Cutting can be done by a knife,
laser, a water jet, etc. The process of cutting can be
automated, e.g. by a robot arm. Alternatively, the EVA
foam layer is directly molded in a mold. To this end, EVA
raw material (e.g. as a granulate) is placed in a mold and
formed to shape using pressure and/or heat. In step 120
the cut or molded EVA foam layer is cold pressed, and in
step 130 the EVA foam layer is trimmed to the desired
shape.

[0099] In step 140 PU is poured in a mold having
indentations corresponding to the protuberances 4a on
the inner sole to be manufactured. The PU is then molded
to atextile, e.g. atextile as shownin Fig. 3. In step 160 the
textile is trimmed to the desired shape, e.g. by cutting or
punching. Finally, in step 170 the textile is attached to the
foam layer to obtain aninner sole 1 as shown for example
in the embodiment of Figures 1A, 1B and 1C.

[0100] To demonstrate the effectiveness of the inner
sole as described herein, a study with 20 participants was
performed. The study investigated the differences be-
tween the textured insoles as described herein and con-
trol insoles having a smooth top surface in side-cut and
start-stop tasks. In the side-cut task, participants were
asked to perform a running exercise on a grass turf,
where two parallel lines were marked with cones. Parti-
cipants began on either the left or right side, were se-
lected randomly, and ran along the designated line for 50
meters while maintaining a consistent speed. Through-
out this exercise, they listened for an auditory cue, the
word "now". Upon hearing the cue, they were required to
make an immediate and sharp (45-degree) cut in their
running direction, transitioning to the other parallel line.
This task was designed to test agility and the ability to
change direction quickly.

[0101] In the start-stop task, which took place along a
similar 50-meter straight track, participants were asked to
commence running upon hearing the word "start" and
cease immediately upon hearing the word "stop".
Throughout the task, auditory cues were repeatedly ad-
ministered, with each participant hearing a total of 15
commands (start, stop, and now) in each task, each
"start" command was consistently followed by a "stop"
command, and vice versa. These stimuli were separated
at random intervals ranging from 2500 to 5000 millise-
conds during which participants were expected to re-
spond appropriately.

[0102] A third test ("acoustic stroop") consisted of a
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series of 16 randomized words "right" or "left" (8 each).
The words were recorded using a two channel (stereo)
recorder such that each individual word is only heard in
one ear (right or left) when wearing a headset. For half of
these words the meaning of the word corresponded to the
ear in which it is heard ("right" - right ear; "left" - left ear)
while the other half were switched ("right” - left ear; "left" -
right ear). The order of the consonant and dissonant
word-ear pairs was randomized and so was the time
gap between consecutive words (random times between
2.5 and 5 seconds). Participants were instructed to react
immediately after hearing the word and respond "Cor-
rect" for consonant word-ear situation and "Wrong" for
the dissonant word-ear situation. The response was
recorded on the same AV track as the stimulus using a
remote phone recording device. During processing, the
audio files were digitized to create a sound envelope for
both the stimulus and the response, and the time be-
tween the peak of the stimulus and the response was
quantified and recorded as the "reaction time".

[0103] The participants then completed all three tests
and the reaction times for each test were recorded. The
entire dataset recorded for the study consisted of 120
independent sessions (40 sessions for each of the in-
dependent tests: acoustic stroop, side-cut and start-
stop). Of these, data from 7 sessions (5.8%) were not
usable due to data recording or synchronization issues.
The results of the study showed that the participants who
wore the inner soles described herein showed a signifi-
cant increase in reaction times (p-value=0.044) for the
side-cuttask. The reaction time for the start-stop task was
virtually identical (p-value=0.33) for the two conditions.
The mean reaction time for the textured insoles was
1.34s for the side-cut task and 1.40s for the start-stop
task. The mean reaction time for the control condition was
1.41s for the side-cut task and 1.42s for the start-stop
task. The mean acoustic stroop test reaction values were
606ms for the control condition and 526ms for the tex-
tured insole condition. The difference between the two
conditions was significant (p-value=0.003).

[0104] The study shows that the textured inner sole as
described herein reduces the reaction time by a signifi-
cant amount for a standard cognitive task (acoustic
stroop test) and also led to the improvement of a common
football task (side cut). The side cut time improvement
reached statistical significance for 20 subjects. Thus, the
study demonstrates the effectiveness of the inner sole
described herein.

[0105] Fig. 5 shows an embodiment relating to another
embodiment, namely a sole component 20 for a sports
shoe, which in the embodiment of Fig. 5 is a midsole.
Generally, the sole component 20 according to this as-
pect may be a midsole, a Strobel sole, a lasting board or
similar component that is arranged to contact a foot of a
wearer. In other embodiments, the sole component may
be a portion of the upper, e.g. in Moccasin-type shoe
constructions in which the upper extends under the foot
and is partly arranged between the foot and the midsole
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oroutsole. The midsole 20 includes a top surface 2 which
is arranged to face afoot of a wearer of a shoe in which the
midsole would be arranged. The top surface 2 includes a
plurality of protuberances 4a and holes 4b. Therefore,
what has been described herein with respect to the
protuberances 4a on an inner sole, such as the inner
sole 1 shown exemplarily in Figures 1A-C, 3, 6A-D, 7, 8A-
D, 9A and 10C s applicable to this embodimentrelating to
a sole component as well. In particular, the mentioned
advantages and the described proprioceptive effect of
the protuberances 4a apply to the sole component as
well. Similarly, the holes 4b also provide for a proprio-
ceptive effect as described herein.

[0106] The midsole 20inthe exemplary embodiment of
Fig. 5 is made from a foam material. As an example, an
upper portion of the midsole 20 is made from EVA and a
lower portion of the midsole 20 is made from a super-
critical foam material. In other embodiments, the sole
component 20 may include a polymeric foam, in parti-
cular, at least one of polyurethane (PU) foam, such as
thermoplastic polyurethane (TPU) foam, polyamide (PA)
foam, polyether-block-amide (PEBA) foam, or thermo-
plastic polyester ether elastomer (TPEE) foam.

[0107] Alternatively, the sole componentmay include a
particle foam material, in particular one or more of the
following materials: expanded thermoplastic polyur-
ethane (eTPU); expanded polyamide (ePA); expanded
polyether-block-amide (ePEBA); expanded polylactide
(ePLA); expanded polyethylene terephthalate (ePET);
expanded polybutylene terephthalate (ePBT); or ex-
panded thermoplastic polyester ether elastomer (eT-
PEE).

[0108] The foam particles may be made of expanded
thermoplastic materials, especially thermoplastic polyur-
ethane (TPU), polylactate (PLA), polyamide (PA), poly-
ether block amide (PEBA), polyethylene terephthalate
(PET), polybutylene terephthalate (PBT), or thermoplas-
tic polyester ether elastomer (TPEE). The foam particles
may also be a bead containing multiple polymer types in
one foam particle or the foam particles may be a mixture
of different particles of different foam polymers or com-
binations thereof. In some embodiments, the foam par-
ticles are 90 % by weight of one or a mixture of these
materials. These foam particles are particles thatinclude
a so-called bead foam, also known in the art as a pellet or
particle foam. Often the foams derived from the use of
connected foam particles are given the designation "e" to
denote the bead form of the polymer foam component, for
example, eTPU.

[0109] The protuberances 4a in the exemplary embo-
diment of Fig. 5 have an average height of 1.3mm which
could be different in other embodiments. Generally, pro-
tuberances of a sole component according to this embo-
diment may be larger (e.g. 1-4mm) than protuberances
on an inner sole as described herein.

[0110] In the embodiment of Fig. 5, the shoe in which
the midsole 20 is to be integrated would not have an inner
sole arranged on top of the midsole 20. In other embodi-
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ments, an inner sole would be arranged on top of the
midsole 20. In this case, the inner sole would include a
plurality of apertures such that the plurality of protuber-
ances 4a of the midsole 20 would protrude through the
plurality of apertures. The height of the protuberances 4a
and the thickness of the inner sole in this embodiment
could be adapted such that the protuberances 4a pro-
trude above the top surface of the inner sole, e.g. by
0.5mm. In this way, the positive proprioceptive effect
described herein could be achieved. In addition, the inner
sole could have protuberances 4a as described herein.
Thus, embodiments relating to the inner sole 1 and the
sole component 20 can generally be combined.

[0111] The protuberances 4ain the embodiment of Fig.
5 have a dome-like shape. In other embodiments, the
shape would be different, e.g. ball-like, pyramidal, etc.
Also, the location of the protuberances 4a can be differ-
ent. For example, protuberances may alternatively or
additionally be located in a toe region orin the arch region
to provide arch support. Also, the shape, height, dia-
meter, or hardness of the protuberances 4a may vary
across the sole component 20. Generally, these proper-
ties may be adapted to the density or sensitivity of me-
chanoreceptors of the human foot or the pressure ex-
erted by a human foot onto the sole component 20.
Similar considerations apply in this context as described
with respect to the inner sole 1.

[0112] In the following, embodiments relating to the
sole component 20 are described:

1. Sole component for a sports shoe including a top
surface arranged to face a foot of a wearer of the
sports shoe, wherein the top surface includes a
plurality of protuberances.

2. Sole component according to embodiment 1,
wherein the sole component is a midsole, a Strobel
sole or a lasting board.

3. Sole component according to one of the previous
embodiments, wherein the protuberances are ar-
ranged in a toe region of the sole component.

4. Sole component according to one of the previous
embodiments, wherein the protuberances are ar-
ranged in a heel region of the sole component.

5. Sole component according to one of the previous
embodiments, wherein the protuberances have a
diameter of 1-8mm, 2-6mm, or 3-4mm.

6. Sole component according to one of the previous
embodiments, wherein the protuberances have a
height of 0.5-6mm, 0.8-5mm, or 1-4mm.

7. Sole component according to one of the previous
embodiments, wherein the protuberances are lo-
cated around areas having a local maximum of a
pressure distribution of pressure caused by a human
foot standing on the sole component.

8. Sole component according to the previous embo-
diment, wherein no protuberances are arranged in a
local maximum of the pressure distribution.

9. Sole component according to one of the previous
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embodiments, wherein the sole component has
been manufactured by an additive manufacturing
process.

10. Sports shoe having a sole component according
to one of the previous embodiments.

11. Sports shoe according to the previous embodi-
ment, further including an inner sole arranged on the
sole component, wherein the inner sole includes a
plurality of apertures such that the plurality of pro-
tuberances of the sole component protrude through
the plurality of apertures.

12. Sports shoe according to the previous embodi-
ment, wherein the inner sole has an average thick-
ness, such that the plurality of protuberances pro-
truding through the plurality of apertures protrude
from a top surface of the inner sole by 0.1-1mm,
0.2-0.8mm, or 0.3-0.7mm.

13. Sports shoe according to one of the previous
embodiments, wherein the inner sole has been man-
ufactured by an additive manufacturing process.

[0113] Figures 6A, 6B, 6C and 6D show further ex-
emplary embodiments in which the inner sole 1 or the
sole component 20 have been manufactured by an ad-
ditive manufacturing process. Thus, Figures 6A, 6B, 6C
and 6D and the following description are applicable to
both an additively manufactured inner sole as well as an
additively manufactured sole component such as a mid-
sole or a portion thereof. Exemplary additive manufactur-
ing processes include material extrusion, stereolithogra-
phy, liquid additive manufacturing and laser sintering.
Additive manufacturing is also denoted as 3D printing.
[0114] Fig. 6A shows a top layer of a 3D printed lattice
structure including a plurality of arches 61 which form
protuberances 4a causing a proprioceptive effect as
described herein. The lattice structure may be provided
toaninner sole 1 or to a sole component 20 as described
herein. Similarly, holes 4b are formed between the arches
61 which also cause a proprioceptive effect as described
herein. The arches 61 are compressible to some extent
so as to provide a comfortable feeling to a foot. The
arches 61 form a textured area 3a of the inner sole 1
or sole component 20 shown in Fig. 6A. An untextured
area 5, which is also 3D printed, is also provided.
[0115] Fig. 6B shows a highly crushable (highly com-
pressible) layer of thick beams forming an inner sole 1.
The inner sole 1 in this exemplary embodiment was
obtained by 3D printing and is arranged on top of a
midsole 20 which is 3D printed as well. In the embodiment
of Fig. 6B, the inner sole 1 is a separate element from the
midsole 20, i.e. it has been manufactured in a separate
3D printing process and then arranged on top of the
midsole 20. In other embodiments, the inner sole 1 can
be manufactured in a single 3D printing process together
with the midsole 20 so that both are integral parts. The
thick beams of the inner sole 1 or midsole 20 form holes
4b in between which cause a proprioceptive effect as
described herein. Alternatively, the thick beams can be
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interpreted as protuberances which cause a propriocep-
tive effect.

[0116] Fig. 6C shows a 3D printed inner sole 1 or sole
component 20 having elevated arch 62 and heel areas 63
for increased support and deformation. In this example,
the top layer includes "tabletop" elements 4a which are
identical in the heel and in the medial arch areas. Those
elements are protuberances 4a as described herein and
cause a proprioceptive effect.

[0117] Fig. 6D illustrates a 3D printed inner sole 1 or
sole component 20 having protruding nodes 4a off the top
surface which interact with the foot. The nodes have a
mushroom-like shape and form protuberances 4a pro-
viding a proprioceptive effect as described herein. In
other embodiments, the nodes could have a different
shape. Also, the nodes 4a form a textured area 3a
adjacent an untextured area 5 which is also 3D printed.
[0118] Fig. 7 shoes an embodiment of an inner sole 1
according to an embodiment. The inner sole 1 according
to this embodiment is a two-layered construction with a
bottom foam layer and a textile layer on top of the foam
layer. The inner sole 1 includes a plurality of holes 4b. A
first subset of the holes 4b have a larger diameter than a
second subset of the holes 4b. Thus, the holes define a
first textured area 3a in a toe region of the inner sole 1.
The first textured area includes holes with a large dia-
meter and holes with a small diameter. Another textured
area 3b is located in a heel region. The area 3b just
contains holes with a large diameter. In an arch region
of the inner sole 1 holes having a small diameter are
located, whereas in a region between the toes and the
arch a mixture of holes with large and small diameters is
located. The embodiment of Fig. 7 is an example of an
inner sole 1 just having holes as proprioceptive elements
but no protuberances.

[0119] Figs.8A-Dillustrate embodiments ofinner soles
1 according embodiments with differently shaped pro-
tuberances. In Fig. 8A the protuberances 4a have a
pyramidal shape similar to the embodiment of Figs 1A-
C. However, the number of pyramids is generally lower in
the embodiment of Fig. 8A compared to the embodiment
of Figs 1A-C because the pyramids have a larger base
area. Said differently, the density of the pyramids 4a is
lower.

[0120] Inthe embodimentof Fig. 8B the protuberances
4a have adome-like shape. In the embodiment of Fig. 8C
the protuberances 4a have the shape of a prism. In the
embodiment of Fig. 8D the protuberances 4a have a
spike-like shape. An exemplary density of the spikes is
5 per cm2, an exemplary height of 7 mm, and an exemp-
lary diameter of 2 mm.

[0121] Generally, for the embodiments of Figs. 8A-D,
the arrangement of textured areas 3a-e and untextured
areas 5 is similar to the embodiment of Figs. 1A-C.
Accordingly, what has been said with respect to the
textured and untextured areas with respect to the embo-
diment of Figs. 1A-C is applicable to the embodiments of
Figs. 8A-D as well.
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[0122] Incontrast, Fig. 9A shows an embodiment of an
inner sole 1 having both protuberances 4a and holes 4b.
The inner sole 1 of this exemplary embodiment is made
from foam material. The protuberances 4a are integral
with the foam material and obtained by molding the
material in a mold having recesses corresponding to
the protuberances 4a. The holes 4b are also formed
during the molding process. Alternatively, the holes could
be obtained by punching. In the embodiment of Fig. 9A
the protuberances 4a form a first textured area 3a in the
toe region of the inner sole 1 and a second textured area
3b in the heel region of the inner sole 1.

[0123] Fig. 9B shows a shoe 80 in which the inner sole
1 shown in Fig. 9A is inserted. The shoe 80 includes an
upper 30 and a sole structure 81.

[0124] Fig. 9C shows just the upper 30 of the shoe 80
shown in Figure 9B. The upper 30 includes a plurality of
protuberances 4aonitsinside, i.e. the side facing a foot of
a wearer of the shoe 80. The protuberances 4a in this
exemplary embodiment are made from TPU and are
applied to the upper 30 by printing. As described herein,
also the protuberances 4a on the upper 30 cause a
proprioceptive effect on the foot of a wearer of the shoe
80. Therefore, the upper 30 of the shoe of Fig. 9C is part of
a further embodiment.

[0125] Fig. 10A shows another exemplary embodi-
ment of a shoe 80 according to an embodiment. The
shoeincludes aninnersole 1 having holes. Theinnersole
1 is shown in more detail in Fig. 10C and is made from a
foam material. Fig. 10B shows the shoe 80 with the inner
sole removed. As can be seen, the top surface of the sole
component 20 of the shoe 80 includes protuberances 4a
which are configured to protrude through corresponding
holes 4b in the inner sole 1 as also shown in Fig. 10A.
Thus, the protuberances 4a engage with some of the
holes 4b ofthe inner sole 1. This causes theinner sole 1 to
"register" with the sole component 20 which avoids a
slipping of the inner sole 1 in the shoe. Furthermore, as
the inner sole 1 is soft and compressible, it will be com-
pressed if pressure is exerted by a foot such that the
protuberances will contact the foot. Thus, a propriocep-
tive effect is achieved by both the protuberances 4a and
the holes 4b. Depending on the amount of pressure,
which will for example vary during a gait cycle, a stimula-
tion of the foot will be predominantly caused by the
protuberances 4a of the sole component 20 or by the
holes 4b of the inner sole 1.

[0126] Some embodiments relate to an upper 30 for a
sports shoe. An exemplary embodiment is shown in Fig.
11. The upper 30 includes a plurality of protuberances 4a.
Thus, the positive proprioceptive effect described herein
for the insole 1 is applicable to the upper 30 as well. In
addition, embodiments relating to the inner sole 1 and the
sole component 20 can generally be combined with
embodiments of the upper 30. Thus, a sports shoe could
include an inner sole 1 and an upper 30 as described
herein. Alternatively, it could include a sole component 20
and an upper 30 as described herein.
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[0127] The upper 30 in the example of Fig. 11 is based
on a mesh fabric. Generally, in the context of this embodi-
ment, the upper could be based on a knitted fabric, a
woven or a non-woven, or combinations thereof. The
protuberances 4a are visible in the embodiment of Fig.
11 as they shine through the mesh. In other embodi-
ments, the protuberances 4a would not be visible from
the outside as they protrude from the inner surface of the
upper to provide proprioception to the foot of the wearer.
Thus, the protuberances 4a define raised portions on the
inner surface of the upper 30. The inner surface of the
upper 30 is defined as the surface being adapted toface a
foot of wearer of a shoe in which the upper 30 is incorpo-
rated.

[0128] The protuberances 4a may be provided during
the manufacturing process of the textile making up the
upper. Forexample, in case of a knitted upper, certain knit
elements may be provided during the knitting process
which protrude from the surface of the knitted textile.
Alternatively, the protuberances may be provided to an
existing textile, e.g. by gluing, welding or sewing. Another
possibility is the molding of protuberances to a textile as
described above with respect to the textile layer 10 of the
inner sole 1.

[0129] Generally, the inner sole 1, sole component 20
and upper 30 as described herein having protuberances,
recesses or holes to achieve a proprioceptive effect may
be customized according to the needs of a wearer. In
particular a first inner sole 1, sole component 20, upper
30 or a shoe including one or more of those components
with a certain textured pattern may be provide to a
wearer. Then the proprioceptive effect is measured, for
example as described above. This provides information
onwhichinfluence the inner sole 1, sole component 20 or
upper 30 has on the performance of the wearer. The
wearer’s feedback is taken into account and the textured
pattern may be re-designed and the inner sole 1, sole
component 20, upper 30 or a shoe including one or more
of such components is given again to the wearer for
another round of testing. By such feedback loops, the
inner sole 1, sole component 20 or upper 30 can be
customized and performance further improved.

[0130] A user may wish to have the ability to choose
whether an inner sole provides a flat or untextured sur-
face for contact with the foot, or to have a textured area
that provides a proprioceptive effect as described herein.
Switching between different articles of footwear to pro-
vide a flat surface or a textured surface may be undesir-
able, as the user may need to purchase, store and travel
with multiple pairs of footwear. Similarly, having multiple
insoles that provide different textured and untextured
surfaces may also be cumbersome. Thus, an article of
footwear having a removable inner sole that has a first
surface that is untextured and a second surface that is
textured (e.g., includes protuberances, recesses or
holes) may help to improve the versatility of the article
of footwear and provide convenience to the user.
[0131] Figs. 12A and 12B show top and bottom per-
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spective views of an inner sole 200 according to an
embodiment. Inner sole 200 includes a first surface
210 opposite a second surface 220. Inner sole 200
includes a toe region 202, a midfoot region 204, and a
heel region 206 generally corresponding to the toes,
midfoot or arch, and heel of a wearer’s foot, respectively,
when the inner sole 200 is in use. Inner sole 200, also
referred to as aninsole or sockliner, may have features as
described herein with respect to inner sole 1. Inner sole
200 may be formed in the same manner and using the
materials as described herein with respecttoinnersole 1.
[0132] Firstsurface 210 of inner sole 200 may have no
protuberances, recesses or holes. First surface 210 may
be untextured. In some embodiments, a cover layer may
be arranged on first surface 210 for contact with the
wearer’s foot. Cover layer may include a textile layer.
Cover layer may improve wearer comfort, and/or provide
moisture absorption and may reduce slippage of the
wearer’s foot against the inner sole 200.

[0133] Second surface 220 of inner sole 200 may in-
clude one or more regions having a textured area with
one or more protuberances, recesses or holes 224.
Protuberances, recesses, or holes may be arranged in
one or more of toe region 202, midfoot region 204, heel
region 206, medial side, or a lateral side of inner sole 200,
and combinations thereof. Protuberances 224 may have
a geometry and arrangement as described herein with
respect to protuberances 4a. In some embodiments, one
or more of toe region 202, midfoot region 204, and heel
region 206 of second surface 220 may include protuber-
ances, recesses or holes 224. One or more regions of
second surface 220 may be untextured 226, and may be
generally smooth or flat. Untextured area 226 has no
protuberances, holes or recesses. In the embodiment of
Fig. 12A, a plurality of first protuberances 224a are ar-
ranged in toe region 202. Midfoot region 204 is untex-
tured 226 and includes no protuberances, recesses or
holes. Heel region 206 includes a plurality of second
protuberances 224b. First and second protuberances
224a, 224b may differ in geometry, size, arrangement,
hardness, or combinations thereof. For example, first
protuberances 224a may have a first shape, whereas
second protuberances 224b may have a second shape
that differs from first shape. In a further example, first
protuberances 224a may have a first size, whereas sec-
ond protuberances 224b may have a second size that
differs from the first size. In a further example, first pro-
tuberances 224a may be arranged in a first pattern or
may have a first density (number of protrusions per unit
area), whereas second protuberances 224b may be ar-
ranged in a second pattern or may have second density.
[0134] In some embodiments, second surface 220
may include a cover layer thereon. Cover layer may
include a textile layer. Cover layer may improve wearer
comfort, and/or provide moisture absorption and may
reduce slippage of the wearer’s foot against the inner
sole 200. Cover layer may conform to the protuberances,
recesses or holes so that the protuberances, recesses or
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holes can be felt by the wearer’s foot through the cover
layer.

[0135] The user may choose to position inner sole 200
in an article of footwear with either first surface 210 or
second surface 220 facing the foot of the wearer. Thus, if
the user wishes to have an untextured surface facing the
user’s foot, the user may position inner sole 200 with first
surface 210 facing upward toward the foot of the wearer.
This may provide comfort to the wearer. First surface 210
does not provide proprioceptive effect. In contrast, if the
user wishes to have their foot engage the textured sur-
face with protuberances 224, such as for a proprioceptive
effect, user may position second surface 220 facing
toward the wearer’s foot.

[0136] In other embodiments, first surface 210 may
have a first textured area, and second surface 220
may provide a second textured area that differs from first
textured area. Thus, the user may choose which texture
to have in contact with their foot. For example, first sur-
face 210 may have protuberances in a first pattern and
having a first geometry, and second surface 220 may
have protuberances having a second pattern and/or
second geometry. In a further example, first surface
may include protuberances, whereas second surface
may include recesses or holes.

[0137] A midsole 250 configured to removably receive
inner sole 200 is shown in Fig. 13 according to an embo-
diment. Midsole 250 may include a foam material. Mid-
sole 250 may include a toe region 252, a midfoot region
254, and a heel region 256. Midsole 250 is configured to
support a foot of a wearer from heel to toe. A top surface
262 of midsole 250 may include one or more mating
elements 264 for engaging protuberances 224 of inner
sole 200. As shown in Fig. 13, mating elements 264 may
include recesses for receiving protuberances of inner
sole 200. However, in alternate embodiments where
inner sole 200 includes recesses, midsole may include
protuberances for arrangement within the recesses. Mat-
ing elements 264 may be arranged in a pattern corre-
sponding to a pattern of protuberances 224 so as to align
with and engage protuberances 224. In this way, second
surface 220 of inner sole 200 may be placed in facing
engagement with top surface 262 of midsole 250. As a
result, the inner sole 200 is securely positioned on mid-
sole 250 and without gaps or spaces between inner sole
200 and midsole 250.

[0138] In some embodiments, midsole 250 may in-
clude a rim 270 extending around all or a portion of a
perimeter of top surface 262 of midsole 250. Rim 270 may
extend upwardly from top surface 262 in a direction away
from midsole 250. Inner sole 200 may be configured to be
received on top surface 262 and within an area defined by
rim 270 of midsole 250. Rim 270 may help to facilitate
proper positioning of inner sole 200 on midsole 250.
[0139] Inner sole 200 received on midsole 250 as
shown for example in Figs. 14A and 14B. As shown in
Fig. 14A, first surface 210 of inner sole 200 is facing
upward toward a foot of the wearer. First surface 210 is
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untextured and provides a flat surface for contact with a
wearer’s foot. Protuberances on second surface are
facing downward toward top surface of midsole 250
and are engaged within recesses of midsole 250. In
contrast, if the wearer wishes to use a textured surface,
wearer may position inner sole 200 on midsole 250 with
second surface 220 facing upward toward a foot of the
wearer as shown in Fig. 14B. First surface 210 is facing
downward toward top surface of midsole.

[0140] When the userswitches from first surface facing
upward to second surface facing upward, the user
switches which shoe the inner sole 200 is inserted into.
For example, if the inner sole 200 is positioned in a left
shoe with first surface 210 facing upward, in order to have
second surface 220 facing upward, the user arranges
inner sole 200 in the right shoe, and vice versa.

[0141] A cross sectional view of inner sole 200 ar-
ranged on midsole 250 according to an embodiment is
shown in Figs. 15A and 15B. As shown in Fig. 15A, inner
sole 200 is arranged with second surface 220 facing
downward toward top surface 262 of midsole 250. Pro-
tuberances 224 align with and are received in mating
elements 264, which are shown as recesses. Protuber-
ances 224 may partially or complete fill recesses 264.
Protuberances 224 and recesses 264 may have com-
plementary shapes. For example, protuberances 224
may have a hemispherical shape, and recesses 264
may have a hemispherical shape. When protuberances
224 are received by mating elements 264, second sur-
face 220 may be in facing engagement with, or flush
against, top surface 262. In this way, first surface 210
may remain substantially flat.

[0142] Inner sole 200 arranged with second surface
220 facing upward toward a foot of the wearer is shown in
Fig. 15B. In this way, protuberances 224 face toward a
wearer’s foot. First surface 210 is arranged facing down-
ward toward top surface 262 of midsole 250. First surface
210 is substantially flat and rests against top surface 262
of midsole 250 with recesses 264 remaining empty or
unfilled.

[0143] Insomeembodiments,innersole 300 may have
one or more layers. As shown in Fig. 16, inner sole 300
has at least a first sole layer 320 and a second sole layer
330. First sole layer 320 may include a foam material.
Second sole layer 330 may include a textile material.
Inner sole 300 may include protuberances, recesses or
holes 324 formed infirst sole layer 320, such as to provide
a proprioceptive effect. As shown in Fig. 16A, first sole
layer 320 includes a plurality of holes 324 formed therein.
Holes 324 may extend fully through first sole layer 320
from a first surface 322 to an opposing second surface.
As shown in Fig. 16A, first holes 324 may be arranged in
toe region 302, such as at a medial side 307 of toe region
302. Toe region 302 may further include an untextured
area 326 with no holes. Untextured area 326 maybe
arranged on a lateral side 309 of toe region 302. No holes
are arranged in midfoot region 304, such that midfoot
region 304 has an untextured area 326. Second holes
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324 are arranged in heel region 306.

[0144] Second sole layer 330 may be arranged on a
second surface of first sole layer 320. Second sole layer
330 may fully or partially cover second surface of first sole
layer 320. Second sole layer 330 may include no pro-
tuberances, holes or recesses. Second sole layer 330
may cover holes 324 as shown in Fig. 16B. Second sole
layer 330 may be thin so that a wearer can feel holes 324
on their foot when footwear including inner sole 300 is
worn. Second sole layer 330 may cover holes 324 to
prevent dirt and debris from entering holes 324. Second
sole layer 330 may also serve to provide additional
comfort, absorb moisture, and/or reduce slippage be-
tween the wearer’s foot and inner sole 300.

[0145] As shown for example in Fig. 17, first sole layer
320 includes a plurality of holes 324 extending from first
surface 322 to an opposing second surface 328. Second
sole layer 330 is arranged on second surface 328. Sec-
ond sole layer 330 does not include holes and covers
holes 324 of first sole layer 320. Second sole layer 330 is
sufficiently thin so that a wearer’s foot may feel holes 324
in first sole layer 320 through second sole layer 330.
[0146] Firstsole layer 320 may be formed by molding a
foam material, such as EVA, among other materials.
Second sole layer 330 of a textile material is separately
manufactured and is attached to a surface of first sole
layer 320, such as second surface 328. Second sole layer
330 may be secured to first sole layer 320 by any of
various means, including by glue or adhesives, among
other fasteners and fastening methods known in the art.
While first and second layers are shown, it is understood
that additional layers may be present, such as multiple
textile layers, and/or multiple foam layers. Further, sole
layers may include additional components therein, such
as a stiffening rod or plate, among others.

[0147] In some embodiments, midsole or footwear
may include a sole having integrally formed protrusions,
recesses or holes. In such embodiments, footwear may
include sandals or slides. Slides may include a sole and
an upper. Upper may include one or more straps config-
ured to overlay or wrap around a portion of a wearer’s foot
to help secure slide to the wearer’s foot. Sole may include
a top surface having one or more protuberances, re-
cesses or holes integrally formed therewith. Thus, sole
and protuberances may be integrally formed, such as by
molding the sole and protuberances as one-piece. This
helps to simplify manufacturing. A user may wear the
slides during training or in advance of a game or match
and may switch to different footwear, such as a cleat or
sneaker, for use during the game or match.

[0148] An inner sole 500 is shown according to some
embodiments in Figs. 18A-C. Inner sole 500 may include
afirst surface 510 opposite a second surface 520, where-
in the first surface 510 has protuberances, recesses or
holes for contact with a foot of a wearer to provide a
proprioceptive effect. Inner sole 500 includes first pro-
tuberances 514a extending along a medial side 507 of
toe region 502 toward midfoot region 504. First protuber-
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ances 514a may be arranged in an area corresponding to
a wearer’s big toe. A center of an area corresponding to
the wearer’s big toe may not include a protuberance. An
untextured area may be arranged on a lateral side of toe
region 502 in an area below the wearer’s other toes to
improve wearing comfort. Inner sole 500 includes second
protuberances 514b extending along lateral side 509 of
inner sole 500 from heel region 506, along midfoot region
504 and toward toe region 502 to provide a proprioceptive
effect. Medial side 507 of midfoot region 504 may include
an untextured area 516a. The untextured area may cor-
respond to an arch of the wearer’s foot and the untextured
area may provide wearer comfort. Third protuberances
514c may be arranged in heel region 506 and on medial
and lateral sides 507, 509. The protuberances may pro-
vide a proprioceptive effect. A center of heel region 506
may include an untextured area 516b. This may help to
alleviate pressure on a center of wearer’s heel.

[0149] As shown in Fig. 18B, protuberances 514 may
have a rounded shape, and may have a hemispherical
shape in a side cross-sectional view. Protuberances 514
may have a width or diameter D of about 3.5 mm. Pro-
tuberances 514 may have a maximum height H above
first surface 510 of inner sole 500 of about 2.5 mm. In
some embodiments, each protuberance 514 may have
substantially the same shape and dimensions.

[0150] Inner sole 500 may further include one or more
enlarged protuberances 518. Enlarged protuberance
may be a mound. Enlarged protuberance 518 may be
arranged in toe region 502 of inner sole. Enlarged pro-
tuberance 518 may enhance the connection of the wear-
er’s foot to inner sole 500, and particularly to provide
surface for a big toe of the wearer to grip. Enlarged
protuberance 518 may be arranged centrally in toe region
502 and may extend between medial and lateral sides
507, 509 of inner sole 500. Enlarged protuberance 518 is
shown as having a generally triangular or pyramidal
shape. In other embodiments, enlarged protuberance
518 may have alternate shapes, such as an oval or
circular shape, among others. Enlarged protuberance
518 may have a maximum height H of about 3.5 mm
as measured from first surface 510 to peak 519 in a
direction perpendicular to first surface 510, as shown
in Fig. 18C. Enlarged protuberance 518 may slope down-
wardly from a peak 519 having maximum height H toward
medial and lateral sides 507, 509, and may also slope
downwardly toward a tip of toe region 502. Peak 519 may
be arranged approximately centrally on toe region 502
between medial and lateral sides 507, 509.

[0151] Aninner sole 600 according to an embodiment
is shown in Fig. 19. Inner sole 600 includes one or more
regions with protuberances to provide a proprioceptive
effect and a one or more regions with an untextured area
for comfort. Inner sole 600 includes first protuberances
614a of a first size arranged throughout toe region 602
and extending between medial side 607 and lateral side
609. Toe region 602 includes an untextured area 616a on
lateral side 609 thereof. This area may correspond to the
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second through fifth toes of the wearer, such that a
protuberance 614 is arranged below the big toe, but
not below the other toes of the wearer when the inner
sole 600 is in use. This may provide a proprioceptive
effect while retaining wearing comfort. In some embodi-
ments, first protuberances 614a may decrease in size
toward untextured area 616a so as to provide a gradual
transition between area with protuberances and untex-
tured area. Midfoot region 604 may include a plurality of
apertures 614d arranged centrally in midfoot region 604.
Second protuberances 614b having a second size may
be arranged on lateral side 609 of midfoot region 604.
Second protuberances 614b may have a smaller size
than first protuberances 614a and may have a smaller
diameter, smaller height, or both. First and second pro-
tuberances 614a, 614b are shown as each having a
circular shape in a top-down view. However, in alternate
embodiments, first and second protuberances 614a,
614b may differ in shape. In some embodiments, first
protuberances 614a may gradually decrease in size to-
ward midfoot region 604. Heel region 606 may include
third protuberances 614c. Third protuberances 614c may
extend throughout heel region 606 from medial side 607
to lateral side 609. Third protuberances 614c may have a
third size. Third size may be the same as the first size. In
some embodiments, third protuberances 614c may de-
crease in size toward midfoot region 604.

[0152] In some embodiments, protuberances as de-
scribed herein may be formed by a liquid polymer appli-
cation process as disclosed for example in U.S. Patent
Application No. 18/806,358. A liquid polymer application
process can be used to form a three-dimensional struc-
ture, such as a protuberance, e.g., a pyramid or column.
The protuberances formed by liquid polymer application
process may create additional grip and may help to
minimize differences in grip between wet and dry condi-
tions such that grip is maintained even in wet conditions.
[0153] The liquid polymer application process may
include providing a polymer, providing a solvent, and
mixing the polymer with the solvent to produce a liquefied
polymer.

[0154] In some embodiments, the polymer used in the
liquid polymer application process may be an elastomer
or thermoplastic elastomer. The polymer may be se-
lected from the group of polyurethanes (PU), thermo-
plastic polyamides (TPE-A or TPA), thermoplastic polye-
sters (TPE-E or TPE), thermoplastic styrenic block co-
polymers (TPE-S or TPS), thermoplastic polyurethanes
(TPE-U or TPU), thermoplastic vulcanizates (TPE-V or
TPV), rubber or ethylene-vinyl copolymer (EVA), thermo-
plastic polyurethanes (TPE-U or TPU), and/or combina-
tions thereof.

[0155] In some embodiments, the solvent used in the
liquid polymer application process is a mixture selected
from the group of solvent-borne and/or water-borne sol-
vents. A solvent may be selected from the group of
solvent-borne solvents, or from the group of (C4-Cg)
ethers, (C4-C,,) esters, (C4-Cg) ketones, (C4-Cg) al-
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kanes, and/or combinations thereof. The solvent may be
a mixture of one or more of tetrahydrofuran (THF), methyl
ethyl ketone (MEK), cyclohexane (CYC), ethyl acetate,
butyl acetate, THF and/or CYC.

[0156] The liquefied polymer is deposited in a desired
location or locations, such as on a surface of a sole. The
liquefied polymer may be deposited by brushing, coating,
dipping, painting, automated dispensing, automated
printing, controlled dispensing.

[0157] After the liquefied polymer is deposited at the
desired location, the liquefied polymer may be textured or
structured to provide the desired shape or pattern. The
liquefied polymer can then be cured to form the protuber-
ances on the sole. The curing step may be carried out
using radiation, such as infrared radiation (IR). In this
way, the liquefied component which is deposited on the
second component is cured on the second component
while at the same time removing the solvent and drying
the deposited liquefied component.

[0158] The liquid polymer application process may be
advantageous relative to forming protuberances by in-
jection molding, which requires specially-constructed
molds and may require removing or cutting excess ma-
terial after molding. Further, the liquid polymer applica-
tion process allows for the protuberances to be more
precisely placed on the sole and without the use of glue or
adhesives.

[0159] Embodiments described herein relate to an in-
ner sole for a sports shoe that includes a top surface
arranged to face a foot of a wearer of a shoe when the
inner sole is arranged in the shoe. The top surface
includes at least two textured areas, wherein the textured
areas eachinclude a plurality of protuberances, recesses
orholes. The top surface includes atleast one untextured
area not having protuberances, recesses or holes. A first
textured area is located in a toe region of the inner sole
and a second textured area is located in a heel region of
the inner sole. The inner sole may be removably secur-
able to the article of footwear. A second or bottom surface
of the inner sole may be untextured and may have no
protuberances, recesses or holes. The inner sole may be
positioned with the top or bottom surface facing upward
toward the wearer’s foot. A midsole of the article of foot-
wear may include mating elements, for example re-
cesses, for receiving protuberances of the inner sole.
The protuberances may be formed on the top surface via
a liquid polymer application process. The protuberances
may be integrally formed with the top surface of the inner
sole, such as by an additive manufacturing method or by
an injection molding method. The inner sole may include
a textile layer on the top surface and/or the bottom sur-
face. The protuberances, recesses or holes may be felt
by the wearer through the textile layer.

[0160] In any of the various embodiments described
herein, the textured areas correspond to areas of a hu-
man foot having a higher density of mechanoreceptors
compared to areas of the human foot corresponding to
untextured areas of the inner sole.
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[0161] In any of the various embodiments described
herein, the textured areas are distinct and separated by
the untextured area.

[0162] In any of the various embodiments described
herein, the hardness of the protuberances correlates with
the hardness of the skin of a human foot.

[0163] In any of the various embodiments described
herein, the untextured area is located in an area corre-
sponding to a local maximum of a pressure distribution of
pressure caused by a human foot standing on the inner
sole. In some embodiments, at least one local maximum
of the pressure distribution is surrounded by a textured
area.

[0164] In any of the various embodiments described
herein, the protuberances have an average diameter of
1-10mm, 2-5mm, or 3-4mm.

[0165] In any of the various embodiments described
herein, the protuberances have an average height of
0.5-5mm, 0.75-3mm, or 1-1.5mm.

[0166] In any of the various embodiments described
herein, the protuberances have a hardness of 40-70
Shore-A or 50-60 Shore-A.

[0167] In any of the various embodiments described
herein, the inner sole has been manufactured by an
additive manufacturing process.

[0168] In any of the various embodiments described
herein, the inner sole is integral with an additional sole
component of a shoe.

[0169] Some embodiments described herein relate to
a method of manufacturing an inner sole as described
herein, the method including the steps of providing abase
layer, and one or both of: molding protuberances to the
base layer to form textured and untextured areas, and
forming recesses or holes in the base layer to form the
textured and untextured areas. In the following, further
inventive embodiments are described:

Embodiment 1: An article of footwear, comprising:

an inner sole comprising a first surface opposite
a second surface, wherein the first surface com-
prises an untextured area, and wherein a plur-
ality of protuberances are arranged on the sec-
ond surface; and

a midsole comprising a top surface having a
plurality of mating elements, wherein the inner
sole is removably securable to the midsole, and
wherein when the second surface of the inner
sole is arranged facing the top surface of the
midsole, the plurality of protuberances are en-
gaged by the plurality of mating elements and
the second surface of the inner sole is in facing
engagement with the top surface of the midsole.

Embodiment 2: The article of footwear of embodi-
ment 1, wherein the plurality of mating elements
comprise a plurality of recesses.
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Embodiment 3: The article of footwear of embodi-
ments 1 or 2, wherein the plurality of mating elements
are arranged in a pattern corresponding to a pattern
of the plurality of protuberances.

Embodiment 4: The article of footwear of any one of
the preceding embodiments, wherein the first sur-
face comprises no protuberances.

Embodiment 5: The article of footwear of any one of
the preceding embodiments, wherein the second
surface comprises the protuberances arranged in
a first region and no protuberances arranged in a
second region.

Embodiment 6: The article of footwear of any one of
the preceding embodiments, wherein a toe region
comprises first protuberances, a heel region com-
prises second protuberances, and the midfoot re-
gion comprises an untextured area with no protuber-
ances.

Embodiment 7: The article of footwear of any one of
the preceding embodiments, wherein the midsole
comprises a foam material.

Embodiment 8: The article of footwear of any one of
the preceding embodiments, the plurality of pro-
tuberances are formed by a liquid polymer applica-
tion process.

Embodiment 9: The article of footwear of any one of
the preceding embodiments, wherein the plurality of
protuberances are integrally formed with the inner
sole.

Embodiment 10: A sole assembly for an article of
footwear, comprising:

afirst sole layer comprising a first surface oppo-
site a second surface,

a plurality of holes extending through the first
sole layer from the first surface to the second
surface in one or more regions of the first sole
layer and configured to provide a proprioceptive
effect; and

a second sole layer coupled to the second sur-
face, wherein the second sole layer comprises
no holes and is configured to be placed in con-
tact with a foot of a wearer.

Embodiment 11: The sole assembly of embodiment
10, wherein the first sole layer comprises a foam
material.

Embodiment 12: The sole assembly of embodiment
10 or 11, wherein the second sole layer comprises a
textile material.
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Embodiment 13: The sole assembly of any one of the
preceding embodiments 10 to 12, wherein first holes
of the plurality of holes are arranged in a toe region,
and wherein second holes of the plurality of holes are
arranged in a heel region.

Embodiment 14: The sole assembly of embodiment
13, wherein an untextured area is arranged in a
midfoot region of the first sole layer.

Embodiment 15: A sole for an article of footwear,
comprising:

aninnersole having a top surface, atoeregion, a
midfoot region, and a heel region and configured
to support a foot of a wearer;

first protuberances arranged at a toe region of
the inner sole;

second protuberances arranged along a lateral
side of a midfoot region of the inner sole;

third protuberances arranged on a heel region of
the inner sole; and

a first untextured area with no protuberances
arranged at a medial side of the midfoot region.

Embodiment 16: The sole of embodiment 15, further
comprising holes extending through the midfoot re-
gion.

Embodiment 17: The sole of embodiment 15 or 16,
wherein the second protuberances have a size that
is smaller than a size of the first protuberances.

Embodiment 18: The sole of any one of the preced-
ing embodiments 15 to 17, further comprising a
second untextured area at a center of the heel re-
gion.

Embodiment 19: The sole of any one of the preced-
ing embodiments 15 to 18, further comprising a
second untextured area at a lateral side of the toe
region.

Embodiment 20: The sole of any one of the preced-
ing embodiments 15 to 19, further comprising an
enlarged protuberance arranged at the toe region,
wherein the enlarged protuberance comprises a
generally triangular shape.

List of Reference Numbers

[0170]

1 inner sole

2 top surface
3a-e textured areas
4a protuberances
4b holes
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100
110
120
130
140
150
160
170
200
202
204
206
210
220
224a,b
226
250
252
254
256
262
264
270
300
302
304

306
307
309
320
324
330
500
502
504
506
507
509
510
514a,b,c
516a,b
518

35

untextured areas

tip of protuberance
height of protuberance
length of protuberance
width of protuberance
textile layer

foam layer

sole component
upper

arches

arch area

heel area

shoe

sole structure
method of manufacturing an inner sole
cutting step
cold pressing step
trimming step
pouring step
molding step
trimming step
attaching step
inner sole

toe region
midfoot region
heel region

first surface
second surface
protuberance, hole or recess
untextured area
midsole

toe region
midfoot region
heel region

top surface
mating element
rim

inner sole

toe region
midfoot region

heel region
medial side
lateral side

first sole layer
holes

second sole layer
inner sole

toe region
midfoot region
heel region
medial side
lateral side

first surface
protuberance
untextured areas
enlarged protuberance
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519 peak

520 second surface

600 inner sole

602 toe region

604 midfoot region

606 heel region

607 medial side

609 lateral side

610 top surface
614a,b,c,d protuberance, hole or recess
616a,b untextured area
Claims

1. A sole for a shoe, comprising:

an inner sole (1) comprising a top surface (2)
arranged to face a foot of a wearer of the shoe
when the inner sole (1) is arranged in the shoe,
wherein the top surface (2) comprises a first
textured area (3a) and a second textured area
(3b), wherein the firstand second textured areas
(3a-b) each comprise a plurality of protuber-
ances (4a), recesses or holes (4b),

wherein the top surface (2) comprises an un-
textured area (5, 5a-b) not comprising protuber-
ances, recesses or holes, and

wherein the firsttextured area (3a) is located ina
toe region of the inner sole (1) and the second
textured (3b) area is located in a heel region of
the inner sole.

The sole according to claim 1, wherein the second
textured area (3b) is located in a rearmost portion of
the heel region.

The sole according to claim 1 or 2, further comprising
athird textured (3c) arealocated in a lateral portion of
the heel region and a fourth textured (3d) area lo-
cated in a medial portion of the heel region.

The sole according to any one of the preceding
claims, wherein the untextured area (5) is located
in a central portion of the heel region, wherein pre-
ferably the untextured area extends from the heel
region along a medial region into a metatarsal region
and does not extend into the toe region.

The sole according to any one of the preceding
claims, wherein the first textured area (3a) extends
from the toe region along a lateral region in a midfoot
region and ends before the heel region.

The sole according to any one of the preceding
claims, wherein the untextured area (5) is located
in a big toe region.

The sole according to any one of the preceding
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claims, wherein the untextured area (5a) is located in
a medial metatarsal region and is surrounded by the
first textured area (3a); and/or wherein the untex-
tured area (5b) is located at a lateral metatarsal-to-
arch transition region.

The sole according to any one of the preceding
claims, further comprising a fifth textured (3c) area
located in a medial metatarsal-to-arch transition re-
gion.

The sole according to any one of the preceding
claims, wherein a density of the plurality of protuber-
ances, recesses or holes is higher on a lateral side of
the inner sole (1) compared to a medial side of the
inner sole.

The sole according to any one of the preceding
claims, wherein the plurality of protuberances, re-
cesses or holes comprises protuberances, and
wherein a hardness of the protuberances varies
across the inner sole (1).

The sole according to any one of the preceding
claims, wherein the plurality of protuberances (4a),
recesses or holes (4b) of the first or second textured
areas comprises protuberances, and wherein one or
more of the protuberances have a pyramidal shape,
wherein preferably the one or more protuberances
have a rounded tip.

The sole according to any one of the preceding
claims, further comprising a textile layer, wherein
the plurality of protuberances (4a), recesses or holes
(4b) are arranged on the textile layer, preferably
further comprising a foam layer, wherein the textile
layer is arranged on the foam layer.

The sole according to any one of the preceding
claims, wherein the plurality of protuberances (4a),
recesses or holes (4b) comprises protuberances,
and wherein a height of the protuberances varies
across the inner sole; and/or wherein a shape of the
protuberances varies across the inner sole.

A shoe comprising the sole according to any one of
the preceding claims.

The shoe according to claim 14, further comprising a
midsole, an outsole or an outsole plate, wherein the
inner sole is integral with the midsole, the outsole, or
the outsole plate.
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