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(57) ABSTRACT 

A cushioning member for an article of footWear is provided 
having a series of interconnected chambers ?lled With 
ambient or slightly pressurized air. Impedance means is 
provided betWeen selected chambers, in order to restrict the 
How of air betWeen the chambers. The shape and structure 
of the impedance means determines the nature of the air ?oW 
betWeen chambers, such that the cushioning member can be 
tailored for various types of activities and body Weights, by 
offering varying degrees of cushioning. 
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CUSHIONING MEMBER FOR AN ARTICLE OF 
FOOTWEAR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates generally to footwear, and 
more particularly to an article of footWear having a cush 
ioning member disposed therein Which provides enhanced 
cushioning properties to the article of footWear. 

[0003] 2. Description of Related Art 

[0004] One of the problems associated With shoes has 
alWays been striking a balance betWeen support and cush 
ioning. Throughout the course of an average day, the feet 
and legs of an individual are subjected to substantial impact 
forces. Running, jumping, Walking and even standing exert 
forces upon the feet and legs of an individual Which can lead 
to soreness, fatigue, and injury. 

[0005] The human foot is a complex and remarkable piece 
of machinery, capable of Withstanding and dissipating many 
impact forces. The natural padding of fat at the heel and 
forefoot, as Well as the ?exibility of the arch, help to cushion 
the foot. An athlete’s stride is partly the result of energy 
Which is stored in the ?exible tissues of the foot. For 
example, during a typical Walking or running stride, the 
achilles tendon and the arch stretch and contract, storing 
energy in the tendons and ligaments. When the restrictive 
pressure on these elements is released, the stored energy is 
also released, thereby reducing the burden Which must be 
assumed by the muscles. 

[0006] Although the human foot possesses natural cush 
ioning and rebounding characteristics, the foot alone is 
incapable of effectively overcoming many of the forces 
encountered during athletic activity. Unless an individual is 
Wearing shoes Which provide proper cushioning and sup 
port, the soreness and fatigue associated With athletic activ 
ity is more acute, and its onset accelerated. This results in 
discomfort for the Wearer Which diminishes the incentive for 
further athletic activity. Equally important, inadequately 
cushioned footWear can lead to injuries such as blisters, 
muscle, tendon and ligament damage, and bone stress frac 
tures. Improper footWear can also lead to other ailments, 
including back pain. 

[0007] Proper footWear should complement the natural 
functionality of the foot, in part by incorporating a sole 
(typically, an outsole, midsole and insole) Which absorbs 
shocks. HoWever, the sole should also possess enough 
resiliency to prevent the sole from being “mushy” or “col 
lapsing,” thereby unduly draining the energy of the Wearer. 

[0008] In light of the above, numerous attempts have been 
made over the years to incorporate means into a shoe Which 
provides improved cushioning and resiliency to the shoe. 
For example, attempts have been made to enhance the 
natural elasticity and energy return of the foot by providing 
shoes With soles Which store energy during compression and 
return energy during expansion. These attempts have 
included using compounds such as ethylene vinyl acetate 
(EVA) or polyurethane (PU) to form midsoles. HoWever, 
foams such as EVA tend to break doWn over time, thereby 
losing their resiliency. 
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[0009] Another concept practiced in the footWear industry 
to improve cushioning and energy return has been the use of 
?uid-?lled devices Within shoes. The basic concept of 
enhancing cushioning and energy return by transferring a 
pressuriZed ?uid betWeen the heel and forefoot areas of a 
shoe is knoWn. U.K. Patent No. 338,266 to Rayne, US. Pat. 
No. 547,645 to Lacroix, US. Pat. No. 1,069,001 to Guy, 
US. Pat. No. 2,080,499 to Nathanson, and US. Reissue Pat. 
No. 34,102 to Cole, each disclose the basic concept of 
having cushions containing pressuriZed ?uid disposed adja 
cent the heel and forefoot areas of a shoe. Each of these 
technologies presents its oWn complications. HoWever, the 
overriding problem common to each of these technologies is 
that the cushioning means taught therein are in?ated With a 
?uid under pressure. Each of the above-noted patents dis 
closes a cushioning means Wherein a pressuriZed gas is 
forced into the cushioning means, usually through a valve 
accessible from the exterior of the shoe. 

[0010] There are several di?iculties associated With using 
a pressuriZed ?uid Within a cushioning device. Most notably, 
it may be inconvenient and tedious to constantly adjust the 
pressure or introduce a ?uid to the cushioning device. 
Moreover, it is difficult to provide a consistent pressure 
Within the device thereby giving a consistent performance of 
the shoes. In addition, a cushioning device Which is capable 
of holding pressuriZed gas is comparatively expensive to 
manufacture. Further, pressuriZed gas tends to escape from 
such a cushioning device, requiring the introduction of 
additional gas. Finally, a valve Which is visible to the 
exterior of the shoe negatively affects the aesthetics of the 
shoe, and increases the probability of the valve being 
damaged When the shoe is Worn. 

[0011] A cushioning device Which, When unloaded con 
tains air at ambient pressure provides several bene?ts over 
similar devices containing pressuriZed ?uid. US. Pat. No. 
2,100,492 to Sindler and UK. Patent Application No. 2,039, 
717 to Karhu-Titan both disclose the use of a cushioning 
device containing ambient air. HoWever, neither of these 
patents provides for the transfer of air betWeen the heel and 
forefoot portions of the shoe. 

[0012] German Patent No. 820,869 to Weinhardt et al. and 
US. Pat. No. 4,577,417 to Cole both appear to disclose a 
cushioning device having heel and forefoot cavities contain 
ing ambient air. The Weinhardt et al. patent appears to 
disclose a pneumatic shoe Warmer insert equipped With tWo 
air chambers joined by a tube. The Cole patent discloses a 
sole and heel structure having premolded bulges connected 
by a passageWay, Wherein air at atmospheric pressure is 
disposed Within the sole and heel structure. 

[0013] The technologies taught in these patents do not 
provide for more than one rate or type of air ?oW betWeen 
the cavities. Both these patents shoW a cushioning device 
having merely a straight “tube” passageWay Which connects 
the cavities of the device. This straight “tube” structure 
results in the passageWays providing only one rate or type of 
air ?oW betWeen the cavities. Neither the Cole patent nor the 
Weinhardt et al. patent discloses a cushioning device Which 
may be customiZed for different types of activities and body 
Weights. 

[0014] A similar disadvantage is present in US. Pat. No. 
4,458,430 to Peterson. The Peterson patent describes a 
cushioning device having cushions disposed beneath the 
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heel and front transverse arch of the foot. The cushions are 
partially or completely ?lled a ?uid, Which may be of 
varying viscosities. Similar to the above-noted devices, a 
major de?ciency of the Peterson device is that the channels 
connecting the cushions are merely straight “tube” channels, 
of a uniform diameter throughout their length. As previously 
indicated, this structure has the disadvantage of providing 
only one amount or degree of cushioning, Which cannot be 
tailored or modi?ed to accommodate different athletic 
activities and body types. 

[0015] Although attempts have been made to create valve 
means Which can control or vary the rate of ?uid ?oW, such 
attempts have resulted in overly cumbersome, complex and 
expensive structures. US. Pat. No. 4,446,634 to Johnson et 
al. shoWs an article of footWear having heel and ball 
bladders, tWo conduits connecting the bladders, and valves 
disposed on the conduits. By rotating knobs attached to the 
valves, the rate of ?uid ?oW betWeen the bladders can be 
regulated. In addition to the dif?culties associated With 
pressuriZed ?uid, the Johnson et al. patent suffers from 
several other shortcomings. Most prominent among these 
are that the numerous parts and intricate interrelationship 
thereof results in a cushioning member Which is expensive 
to manufacture, and prone to malfunction. 

[0016] PCT Application No. PCT/GB91/00740 (Interna 
tional Publication No. WO 91/16831) to Seymour teaches 
valve means comprising tWo ribbed members formed from 
a stiff plastic Which are disposed above and beneath a 
capillary tube. Because the ribbed members of the Seymour 
device are formed of a different material than the cushioning 
member thereof, the cost of manufacturing the device is 
increased. In addition, the ribbed members are designed to 
“pinch” the capillary tube closed entirely during use, Which 
can prevent an adequate amount of ?uid from reaching the 
forefoot container prior to forefoot strike. Further, the cap 
illary tube of the Seymour device merely comprises a 
straight tube, and thus shares the inadequacies of other 
devices discussed herein Which possess the same feature. 

[0017] Accordingly, prior to the development of the 
present invention, there Was not a shoe Which incorporated 
a cushioning member containing ambient air, Wherein the 
cushioning member included a communication channel hav 
ing impedance means disposed therein Which served to 
restrict the How of air betWeen distinct chambers. In addi 
tion, prior to the development of the present invention, there 
Was not a shoe Which taught altering the structure of the 
impedance means, such that differently-sized and shaped 
impedance means provided varying types of air ?oW 
betWeen the chambers, and consequently provided varying 
degrees of cushioning. Further, those shoes Which have 
attempted to use ?uid-?lled devices incorporating valve 
means to cushion the foot of a Wearer have had such 
draWbacks as adding increased Weight to the shoe, providing 
inadequate and uneven cushioning, and being inordinately 
complex and expensive to manufacture. 

[0018] Therefore, it is an object of the present invention to 
provide an article of footWear having enhanced cushioning 
and energy-returning characteristics. 

[0019] It is a further object of the present invention to 
provide an article of footWear having a cushioning member 
containing ambient or slightly pressuriZed air. 
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[0020] It is a further object of the present invention to 
provide an article of footWear having a cushioning member 
With impedance means Which restricts the How of air 
betWeen chambers. 

[0021] It is a further object of the present invention to 
provide an article of footWear having a cushioning member 
Which is capable of providing varying amounts or degrees of 
cushioning. 

[0022] It is a further object of the present invention to 
provide an article of footWear having a cushioning member 
Which Will maintain its cushioning characteristics through 
out the life of the shoe. 

[0023] It is a further object of the present invention to 
provide an article of footWear having a cushioning member 
surrounded by a stabliZing rim and covered by a moderator 
Which enhances the cushioning characteristics of the cush 
ioning member. 

[0024] It is a further object of the present invention to 
provide an article of footWear having a cushioning member 
Which may easily be incorporated in either a left or a right 
shoe Without modi?cation to the member. 

[0025] It is a further object of the present invention to 
provide an article of footWear having a cushioning member 
Which is simple and inexpensive to manufacture. 

SUMMARY OF THE INVENTION 

[0026] To achieve the foregoing and other objects, and in 
accordance With the purposes of the present invention as 
embodied and broadly described herein, the article of foot 
Wear of the present invention comprises a sole and a resilient 
cushioning member containing air at ambient pressure dis 
posed Within the sole. The cushioning member includes a 
?rst chamber, a second chamber and a communication 
chamber connecting the ?rst and second chambers. The 
communication chamber has an average cross-sectional area 
Which is less than the average cross-sectional area of both 
the ?rst and second chambers. Impedance means for restrict 
ing the How of air betWeen the ?rst and second chambers is 
disposed Within the communication chamber and has an 
average cross-sectional area less than the remainder of the 
communication chamber. 

[0027] The sole may comprise a midsole having a cavity 
portion, Wherein the cushioning member is disposed Within 
the cavity portion. Alternatively, the sole may comprise an 
outsole having a cavity portion, Wherein the cushioning 
member is disposed therein. The sole may also comprise an 
insole having a cavity portion, Wherein the cushioning 
member is disposed therein. The article of footWear may 
further comprise a sockliner having a cavity portion dis 
posed Within a upper, Wherein the cushioning member is 
disposed Within the cavity portion of the sockliner. 

[0028] The cushioning member may be formed of a bloW 
molded elastomeric material. The article of footWear may 
further include a moderating member disposed above the 
cushioning member for defusing impact forces upon the 
cushioning member and providing support to the foot of a 
Wearer. The moderating member may be formed of a mate 
rial having a Shore Ahardness of 75-95 or Shore C hardness 
of 55-75. The moderating member may be integral With the 
sole of the article of footWear. 
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[0029] The sole of the present invention may further 
comprise a heel portion and a forefoot portion, and the ?rst 
and second chambers of the cushioning member may be 
disposed adjacent the heel and forefoot portions of the sole, 
respectively. Flexure grooves may be disposed on the second 
chamber of the cushioning member. A partition may be 
disposed on one of the ?rst and second chambers for altering 
the direction of the air ?oW Within the cushioning member. 

[0030] The impedance means of the present invention may 
be substantially hourglass-shaped, or, alternatively, may be 
substantially “Z”-shaped, substantially “W”-shaped, or sub 
stantially “s”-shaped. 

[0031] The cushioning member may further comprise an 
upper portion and a loWer portion Which are mirror images 
of one another, such that the cushioning member may be 
readily disposed in either a left shoe or a right shoe. 

[0032] Alternatively, the article of footWear of the present 
invention comprises a sole having a heel portion, an arch 
portion and a forefoot portion, and a cavity portion formed 
Within the sole extending substantially from the heel portion 
to the forefoot portion thereof. A non-permeable, resilient 
?rst chamber containing ambient air is disposed Within the 
cavity portion adjacent the heel portion. A non-permeable, 
resilient second chamber containing ambient air is disposed 
Within the cavity portion adjacent the forefoot portion. A 
non-permeable communication chamber containing ambient 
air is disposed Within the cavity portion adjacent the arch 
portion, and connects the ?rst and second chambers. Imped 
ance means is disposed Within the communication chamber 
and has an average cross-sectional area Which is smaller 
than the average cross-sectional area of the remainder of the 
communication chamber. The impedance means restricts the 
How of air betWeen the ?rst and second chambers and 
provides enhanced cushioning to the article of footWear by 
controlling the velocity at Which the air moves betWeen the 
?rst and second chambers. 

[0033] The article of footWear may be formed of an 
unitary piece of bloW-molded elastomeric material. The 
impedance means may increase the velocity and turbulence 
of the air as it moves betWeen the ?rst and second chambers. 
The communication chamber may be siZed and shaped to 
provide turbulent air ?oW betWeen the ?rst and second 
chambers When the Weight of a Wearer applies doWnWard 
pressure to the ?rst chamber. Alternatively, the communi 
cation chamber may be siZed and shaped to provide laminar 
air ?oW or transitional air ?oW betWeen the ?rst and second 
chambers When the Weight of a Wearer applies doWnWard 
pressure to the ?rst chamber. 

[0034] Ridges may be disposed on the upper and loWer 
surfaces of the communication chamber. The vertical dis 
tance betWeen the upper and loWer surfaces of the second 
chamber may be less than the vertical distance betWeen 
upper and loWer surfaces of the ?rst chamber. 

[0035] A moderating member may be disposed above the 
cavity portion for diffusing impact forces upon the cushion 
ing member and for providing support to the foot of a 
Wearer. The sole of the present invention may further 
comprise an upper surface and a loWer surface, Wherein the 
cavity portion is formed Within the loWer surface of the sole, 
and the moderating member comprises the upper surface of 
the sole. 
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[0036] Alternatively, the article of footWear of the present 
invention may comprise a sole and a resilient cushioning 
member containing pressuriZed air disposed Within the sole. 
The cushioning member includes a ?rst chamber, a second 
chamber and a communication chamber connecting the ?rst 
and second chambers. The communication chamber has an 
average cross-sectional area Which is less than the average 
cross-sectional area of both the ?rst and second chambers. 
Impedance means for restricting the How of air betWeen the 
?rst and second chambers is disposed Within the communi 
cation chamber and has an average cross-sectional area 
Which is less than the remainder of the communication 
chamber. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] The accompanying draWings, Which are incorpo 
rated in and form a part of the speci?cation, illustrate various 
embodiments of the present invention and, together With the 
description, serve to explain the principles of the invention. 
In the draWings: 

[0038] FIG. 1 is a top plan vieW of a cushioning member 
in accordance With the present invention; 

[0039] FIG. 2 is a medial side vieW of the cushioning 
member of FIG. 1; 

[0040] FIG. 3 is a cross-sectional vieW taken along line 
3-3 of FIG. 1; 

[0041] FIG. 4 is a cross-sectional vieW taken along line 
4-4 of FIG. 1; 

[0042] FIG. 4A is a cross-sectional vieW taken along line 
4A-4A of FIG. 1; 

[0043] FIG. 5 is an exploded vieW of one possible inter 
relationship of a moderator, cushioning member and cradle 
in accordance With the present invention; 

[0044] FIG. 5A is a cross-sectional vieW taken along line 
5A-5A of FIG. 5; 

[0045] FIG. 6 is a top plan vieW of an impedance means 
in accordance With the present invention; 

[0046] FIG. 7 is a cross-sectional vieW taken along line 
7-7 of FIG. 6; 

[0047] FIG. 8 is a cross-sectional vieW taken along line 
8-8FIG. 6; 

[0048] FIG. 9 is a top plan vieW of an alternate embodi 
ment of impedance means in accordance With the present 
invention; 
[0049] FIG. 10 is a cross-sectional vieW taken along line 
10-10 of FIG. 9; 

[0050] FIG. 11 is a top plan vieW of an alternate embodi 
ment of impedance means in accordance With the present 
invention; 
[0051] FIG. 12 is a cross-sectional vieW taken along line 
12-12 of FIG. 11; 

[0052] FIG. 13 is a top plan vieW of an alternate embodi 
ment of impedance means in accordance With the present 
invention; 
[0053] FIG. 14 is a cross-sectional vieW taken along line 
14-14 of FIG. 13; 
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[0054] FIG. 15 is a top plan vieW of an alternate embodi 
ment of a midsole in accordance With the present invention; 

[0055] FIG. 16 is a bottom plan vieW of the midsole of 
FIG. 15; 

[0056] FIG. 17 is a top plan vieW of an integrated mod 
erator and midsole in accordance With the present invention; 

[0057] FIG. 18 is a bottom plan vieW of the integrated 
moderator and midsole of FIG. 17; 

[0058] FIG. 19 is a sectional vieW taken along line 19-19 
of FIG. 18; 

[0059] FIG. 20 is a top plan vieW of an alternate embodi 
ment of a cushioning member in accordance With the present 
invention; 

[0060] FIG. 21 is a perspective vieW of an alternate 
embodiment of a cushioning member in accordance With the 
present invention; and 

[0061] FIG. 22 is a perspective vieW of an alternate 
embodiment of a cushioning member in accordance With the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0062] Reference Will be made in detail beloW to the 
preferred embodiment of the present invention illustrated in 
the accompanying draWings. It should be noted that similar 
or identical structure is identi?ed using identical reference 
numbers. 

[0063] Referring noW to the preferred embodiments, a 
cushioning member in accordance With the present invention 
is shoWn generally at 10 in FIG. 1. The cushioning member 
provides continuously modifying cushioning to an article of 
footWear, such that a Wearer’s stride forces air Within the 
cushioning member to move in a complementary manner 
With respect to the stride. 

[0064] FIG. 1 is a plan vieW of the top of a cushioning 
member in accordance With the present invention. HoWever, 
FIG. 1 may in fact be either a top or bottom plan vieW, as 
the top and bottom of the cushioning member 10 are 
substantially mirror images of one another. In light of this 
symmetrical construction, the cushioning member of the 
present invention may readily be incorporated Within either 
a left or a right shoe. It Will be appreciated that the 
symmetrical structure of cushioning member 10 increases 
the ease and reduces the eXpense of manufacturing cush 
ioning member 10. 

[0065] Cushioning member 10 is a three-dimensional 
structure including a ?rst portion 12 and a second portion 14. 
First portion 12 and second portion 14 form the upper and 
loWer surfaces of cushioning member 10. In addition, ?rst 
portion 12 and second portion 14 join to form a ?rst sideWall 
20 and a second sideWall 22. Cushioning member eXtends 
transversely from ?rst sideWall 20 to second sideWall 22, 
and eXtends forWardly from heel or rear terminus 18 to front 
terminus 16. First portion 12 and second portion 14 are 
connected along a peripheral edge 24, Which results from a 
preferred molding process (discussed beloW) used to form 
cushioning member 10. Peripheral edge 24 helps hermeti 
cally seal cushioning member 10. Depending upon Which 
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shoe (the left or the right) cushioning member 10 is incor 
porated Within, ?rst portion 12 may comprise either an upper 
surface or a loWer surface. 

[0066] Cushioning member 10 is formed of a suitably 
resilient material so as to alloW cushioning member 10 to 
compress and expand While also resisting breakdoWn. Pref 
erably, cushioning member 10 may be formed from a host of 
Thermoplastic Elastomers. Suitable materials used to form 
cushioning member 10 may include various ranges of the 
folloWing physical properties: 

Lower Upper 
Limit Limit 

Density (Speci?c Gravity in g/cm3) 0.80 1.35 
Modulus @ 300% Elongation (psi) 1,000 6,500 
Permanent Set @ 200% Strain (%) 0 55 
Compression Set 22 hr/23O C. 0 45 
Hardness 

Shore A 70 — 

Shore D 0 55 
Tear Strength (KN/m) 60 600 
Permanent Set at Break (%) 0 250 

[0067] Many materials Within the class of Thermoplastic 
Elastomers (TPE’s) can be utiliZed to provide the above 
physical characteristics. Thermoplastic Vulcanates (such as 
SARLINK from PSM, SANTAPRENE from Monsanto and 
KRATON from Shell) are possible materials due to physical 
characteristics, processing and price. HoWever, at present 
Thermoplastic Urethanes (TPU’s) such as PELLETHANE 
from DoW, ESTANE from B. F. Goodrich and ELASTOL 
LAN from BASF (to name but a feW) provide the best 
overall physical characteristics and consequently are the 
preferred choice. 

[0068] The preferred method of manufacturing cushioning 
member 10 is via eXtrusion bloW molding. It Will be appre 
ciated by those skilled in the art that the bloW molding 
process is relatively simple and inexpensive. Further, each 
element of the cushioning member of the present invention 
is created during the same preferred molding process. This 
results in a unitary, “one-piece” cushioning member, 
Wherein all the unique elements of the cushioning member 
discussed herein are accomplished using the same mold. 

[0069] Cushioning member 10 is a holloW structure pref 
erably ?lled With ambient air. It is important that cushioning 
member 10 be impermeable to air; i.e., hermetically sealed, 
such that it is not possible for the ambient air disposed 
therein to escape upon application of force to cushioning 
member 10. Naturally, there may be diffusion in and out of 
cushioning member 10. The unloaded pressure Within cush 
ioning member 10 is preferably equal to ambient pressure. 
Accordingly, cushioning member 10 retains its cushioning 
properties throughout the life of the article of footWear in 
Which it is incorporated. 

[0070] As can be seen With reference to FIG. 1, cushion 
ing member 10 is preferably a unitary member comprising 
three distinct components: a ?rst or heel chamber 26, a 
second or forefoot chamber 42, and a third or communica 
tion chamber 58. Heel chamber 26 is generally shaped to 
conform to the outline of the bottom of an individual’s heel, 
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and is disposed beneath the heel of a Wearer When cushion 
ing member 10 is incorporated Within a shoe. Heel chamber 
26 extends transversely from ?rst sideWall 20 to second 
sideWall 22, and extends forWardly from heel terminus 18 to 
rear arch terminus 32. Angled transition Walls 31 are dis 
posed adjacent rear arch terminus 32 of heel chamber 26. A 
directional partition 34 may be disposed Within heel cham 
ber 26, and if so, serves to substantially divide heel chamber 
26 into tWo regions: medial heel region 36 and lateral heel 
region 38. Asealed molding port 40 is disposed adjacent rear 
terminus 18, indicating the area Where a molding noZZle Was 
positioned during a preferred manufacturing process dis 
cussed above. Port 40 may easily be removed (such as by 
cutting or shaving) during the manufacturing process. 

[0071] Disposed opposite heel chamber 26 is a second or 
forefoot chamber 42. Forefoot chamber 42 is generally 
shaped to conform to the forefoot or metatarsal area of a 
foot, and is disposed beneath a portion of the forefoot of a 
Wearer When incorporated Within a shoe. Forefoot chamber 
42 extends transversely from ?rst sideWall 20 to second 
sideWall 22, and extends rearWardly from front terminus 16 
to forWard arch terminus 48. Preferably, the volume of air 
Within forefoot chamber 42 is substantially the same as the 
volume of air Within heel chamber 26. 

[0072] A small indentation or notch 52 extends inWardly 
from front terminus 16. Similar to heel chamber 26, forefoot 
chamber 42 may include a directional partition 34 Which 
serves to substantially divide forefoot chamber 42 into tWo 
regions: medial metatarsal region 54 and lateral metatarsal 
region 56. A series of ?exure grooves 50 extend transversely 
across forefoot chamber 42. Flexure grooves 50 comprise 
indentations or valleys formed Within ?rst surface 12 and 
second surface 14 of forefoot chamber 42, and facilitate the 
?exing or bending of forefoot chamber 42 during an indi 
vidual’s gait, especially during the “toe-off” phase of the gait 
cycle. 
[0073] Disposed betWeen heel chamber 26 and forefoot 
chamber 42 is a communication chamber 58. Communica 
tion chamber 58 comprises an elongated, substantially 
straight chamber Which connects heel chamber 26 to fore 
foot chamber 42. Communication chamber 58 extends trans 
versely from ?rst sideWall 20 to second sideWall 22, and 
extends forWardly from a posterior region 64 adjacent rear 
arch terminus 32 of heel chamber 26 to an anterior region 66 
adjacent forWard arch terminus 48 of forefoot chamber 42. 

[0074] Ridges 68 may be disposed adjacent anterior region 
64 and posterior region 66 of communication chamber 58. 
Ridges 68 facilitate the use of cushioning member 10 Within 
either a left or a right shoe, by alloWing cushioning member 
10 to ?ex and bend to accommodate the last bottom shape 
of both left and right shoes. Further, ridges 68 help prevent 
expansion of communication chamber 58 and increase the 
turbulence of air ?oW Within cushioning member 10, as Will 
be discussed beloW. Locator ?anges 72 may also be disposed 
adjacent anterior region 64 and posterior region 66 of 
communication chamber 58. Locator ?anges 72 can be used 
to assist in the placement of cushioning member 10 Within 
an article of footWear, as Will be addressed herein. 

[0075] Central to the present invention is the inclusion of 
impedance means 74 Within communication chamber 58. 
Impedance means 74 comprises a restriction or convolution 
in communication chamber 58 Which restricts the How of air 
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through communication chamber 58. Essentially, impedance 
means 74 comprises a communication channel 80 formed 
and bordered by restriction Walls 78. In FIGS. 1, 5 and 6, 
impedance means 74 is shoWn as being substantially “hour 
glass”-shaped. HoWever, impedance means 74 may com 
prise numerous shapes or structures. For example, FIGS. 
9-14 shoW some of the other forms impedance means 74 
may take. FIGS. 9-10 shoW impedance means 74 as being 
substantially “W”-shaped, FIGS. 11-12 shoW impedance 
means 74 as being substantially “Z”-shaped, and FIGS. 
13-14 shoW impedance means 74 as being substantially 
“s”-shaped. 

[0076] Impedance means 74 increases the resistance to air 
?oW by increasing the turbulence Within the air ?oW. The 
shape or structure of impedance means 74 determines the 
amount of air or type of air ?oW that is permitted to pass 
through communication chamber 58 at any given time. For 
example, of the embodiments illustrated, the “hourglass” 
shaped impedance means of FIGS. 1, 5 and 6 provides the 
least resistance to air ?oW, While the “s”-shaped impedance 
means of FIGS. 13-14 offers the greatest resistance. Because 
the differently-shaped impedance means provide different 
types of air ?oW, it folloWs that they also provide different 
degrees of cushioning. That is, the structure of impedance 
means 74 signi?cantly affects the degree of cushioning 
provided by heel chamber 26 and forefoot chamber 42 of 
cushioning member 10. Accordingly, different impedance 
means can be used to accommodate various types of athletic 
activities, as Well as different body Weights. For example, 
one structure of impedance means can be provided to 
accommodate Walking gait patterns, While a different struc 
ture can be used to suit running gait patterns. This is a 
signi?cant improvement over previously-known cushioning 
devices, Which merely have straight “tubes” offering only 
one type or degree of cushioning. 

[0077] The different structures of the impedance means of 
the present invention are accomplished during the preferred 
bloW-molding manufacturing process described above. 
Accordingly, no complicated or expensive valve means need 
be attached to cushioning member 10. Rather, the shape of 
impedance means 74 is determined by the same mold used 
to form the remainder of cushioning member 10. 

[0078] As noted above, the shape of impedance means 74 
Will affect the rate and character of air ?oW Within cushion 
ing member 10, in particular betWeen heel chamber 26 and 
forefoot chamber 42 thereof. Essentially, there are three 
recogniZed types of air ?oW: “laminar,”“transitional” and 
“turbulent” (hoWever, at times transitional How is ignored, 
and only laminar and turbulent How are referred to). Lami 
nar air ?oW moves in a smooth manner such that its 
velocities are free of macroscopic ?uctuations. As the How 
of air becomes more erratic, it enters a phase referred to as 
transitional ?oW, Where the air ?oW acts primarily like 
laminar ?oW, With sporadic outbursts. In turbulent ?oW, the 
largely regular motion of laminar air How is destroyed; the 
air ?oW undergoes a transition, becoming “thicker” and 
having random movement Within the air ?oW; i.e., turbu 
lence. In the chaotic phase of air ?oW referred to as 
turbulence, disturbances such as shear, impulse and viscous 
forces come into play. 

[0079] Each of the embodiments of the present invention 
provide for different ?oW characteristics. These character 
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istics affect the performance of cushioning member 10. For 
example, if the cross-section dimensions of the “hourglass” 
embodiment of the impedance means (as shoWn in FIG. 1) 
are 3.17 mm><4.76 mm, the Reynold’s Number of the air 
?oW from heel chamber to forefoot chamber is approxi 
mately 1451, meaning the ?oW is laminar. Conversely, if the 
cross-sectional area of the same embodiment of impedance 
means is 1.5 mm><3.00 mm, the Reynold’s Number has been 
found to be approximately 2651, meaning the ?oW is tran 
sitional. For purposes of the above calculations, the Rey 
nold’s Number Was de?ned as 

[0080] Where V is the ?uid velocity, p is the ?uid density, 
D is the equivalent diameter of the ?oW region, and p is the 
dynamic viscosity of air. The equivalent diameter is the 
diameter of a circular duct having the same area as the 
rectangular duct used in the preferred embodiments of the 
invention. Several assumptions Were made in doing the 
above-referenced calculations (such as an absence of shear 
ing forces, and an assumption that heel strike occurs on a 
perfectly horiZontal plane), and therefore the numbers 
re?ected should be vieWed as representations of What occurs 
in the system, not precise numerical solutions. 

[0081] Returning noW to the draWing ?gures, as previ 
ously indicated, cushioning member 10 is formed of a 
suitably resilient material so as to enable the heel and 
forefoot chambers 26, 42 thereof to compress and expand. 
While communication chamber 58 is preferably formed of 
the same resilient material as the tWo oppositely-disposed 
chambers adjacent its ends, communication chamber 58 is 
preferably constructed so as to prevent or substantially limit 
any compression or expansion thereof. Preferably, this is 
achieved in part by making communication chamber 58, and 
particularly impedance means 74 thereof, such that they 
each possess a smaller cross-sectional area than both heel 
chamber 26 and forefoot chamber 42. 

[0082] A comparison of various Figures reveals the dif 
ferences in the cross-sectional areas of these elements. As 
can be seen in FIG. 1, the transverse Width d6 of commu 
nication chamber 58 is less than the transverse Width d1, d2 
of heel chamber 26 and forefoot chamber 42. Further, the 
transverse Width of impedance means 74 is less than the 
transverse Width d6 of the remainder of communication 
chamber 58. As can be seen With reference to FIG. 2, the 
longitudinal height d5 of communication chamber 58 is less 
than the longitudinal height d3, d4 of heel chamber 26 and 
forefoot chamber 42. Further, the longitudinal height of 
impedance means 74 may be less than the longitudinal 
height of the remainder of communication chamber 58, 
although in FIG. 2 the longitudinal height of communica 
tion chamber 58 is shoWn as being substantially constant 
throughout its length. 

[0083] The difference in the cross-sectional areas of the 
aforementioned elements is further evidenced upon revieW 
ing FIGS. 7-14. FIG. 7 is taken along line 7-7 of FIG. 6, and 
shoWs the average cross-sectional area of communication 
chamber 58 apart from impedance means 74. FIGS. 8, 10, 
12, and 14 clearly shoW that the average cross-sectional area 
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of impedance means 74 is less than the average cross 
sectional area of the remainder of communication chamber 
58, regardless of the embodiment of impedance means 74 
employed. 

[0084] The reduced cross-sectional structure provides a 
rigidity to communication chamber 58 and impedance 
means 74 thereof that reduces any appreciable expansion or 
contraction of these elements. Additionally, the rigidity of 
communication chamber 58 may be provided by making the 
Walls of communication chamber 58 thicker than the Walls 
of the remainder of cushioning member 10. For example, 
one possible construction Would be to have the Walls of heel 
chamber 26 and forefoot chamber 42 approximately 1.5 
millimeters thick, and the Walls of communication chamber 
58 approximately 2.5 millimeters thick. 

[0085] In order to appreciate the manner in Which cush 
ioning member 10 may be incorporated Within a shoe, FIG. 
5 discloses one possible manner of incorporation. FIG. 5 is 
an exploded vieW shoWing cushioning member 10 disposed 
betWeen a moderating member 88 and a rim or cradle 104. 
In the embodiment shoWn in FIG. 5, moderating member 88 
comprises part of a sockliner 89, and cradle 104 comprises 
a midsole. 

[0086] Sockliner 89 includes a foot supporting surface 90 
having a forefoot-region 92, an arch support region 94 and 
a heel region 96. A peripheral Wall 98 extends upWardly 
from and surrounds a portion of foot supporting surface 90. 
Disposed on the underside of sockliner 89 is a moderating 
surface comprising moderator 88. Moderator 88 acts as a 
stiff “plate” betWeen cushioning member 10 and the foot of 
a Wearer. Preferably, moderator 88 is formed of material 
having a hardness of Shore A 75-95 or Shore C 55-75. 
Potential materials used to form moderator 88 include EVA, 
PU, polypropylene, polyethylene, PVC, PFT, ?berboard and 
other thermoplastics Which fall Within the aforementioned 
hardness range. The relatively stiff material acts as a mod 
erator for foot strike, preventing the foot of a Wearer from 
collapsing into the center portion of cushioning member 10, 
and diffusing impact forces evenly upon cushioning member 
10, thereby reducing localiZed pressures. Although modera 
tor 88 is shoWn in FIG. 5 as being part of a sockliner, it Will 
be appreciated by those skilled in the art that moderator may 
alternatively comprise any structure that accomplishes the 
above-mentioned moderating function, including part of a 
midsole, outsole, insole, or a combination of these elements. 
Indeed, it is preferred that moderator 88 comprise a “plate” 
Which is integral With cradle 104 of the present invention, as 
discussed beloW. 

[0087] Disposed beneath moderator 88 in FIG. 5 is a 
cushioning member in accordance With the present inven 
tion. It Will be noted that the cushioning member of FIG. 5 
differs someWhat from that shoWn in FIG. 1. For example, 
cushioning member 10 of FIG. 5 does not include locator 
?anges, Which are an entirely optional feature that do not 
directly contribute to the cushioning effect of cushioning 
member 10. Further, the structure of directional partition 34 
in FIG. 5 differs from those of FIG. 1. In the embodiment 
shoWn in FIG. 1, directional partitions 34 essentially com 
prise elongated, unitary Walls formed by grooves Within ?rst 
surface 12 and second surface 14 of both heel chamber 26 
and forefoot chamber 42 (see, e.g., FIGS. 4 and 4A). 
Conversely, in FIG. 5, tWo discrete directional partitions 34 
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are disposed Within forefoot chamber 42 only. Each direc 
tional partition 34 essentially comprises a short Wall formed 
by small indentations Within ?rst surface 12 and second 
surface 14 of forefoot chamber 42 (see, e.g., FIG. 5A). 

[0088] With continuing reference to FIG. 5, disposed 
beneath cushioning member 10 is a cradle 104 comprising a 
midsole. It has been found that in order to most effectively 
complement a gait function, cushioning member 10 prefer 
ably comprises a core of more compliant cushioning sur 
rounded by a midsole or similar structure that is, stiffer than 
cushioning member 10, and creates a “cradling” effect to 
cushioning member 10. In FIG. 5, this cradle is shoWn as 
being a midsole. Midsole 104 has a top surface 106 includ 
ing a toe portion 118, a forefoot portion 120, an arch or 
middle portion 122 and a rear portion 124. Locator ?ange 
receiving means 100 may be disposed on top surface of 
midsole 104 (see, e.g., FIG. 15). An exterior sideWall 126 
extends around the medial side 128 (not shoWn) and lateral 
side 130 of midsole 104. A pattern 132 is disposed on 
exterior sideWall 126, as are outsole-engaging notches 134. 
Exterior sideWall 126 may be constructed so that cushioning 
member 10 is visible from the exterior of the shoe. 

[0089] A cavity 138 is formed Within and extends com 
pletely through midsole 104 from top surface 106 to bottom 
surface 140 thereof. Cavity 138 extends generally from rear 
portion 124 to forefoot portion 120 of midsole 104, and 
forms an interior sideWall 142 Within midsole 104 Which is 
substantially identical in shape to the outline of peripheral 
edge 24 of cushioning member 10. 

[0090] A rim 144 extends upWardly from and surrounds a 
portion of top surface 106 of midsole 104. In the illustrated 
arrangement of FIG. 5, midsole 104 receives cushioning 
member 10 such that peripheral edge 24 of cushioning 
member 10 contacts interior sideWall 142 formed by cavity 
138 substantially about the entire periphery thereof. When 
cushioning member 10 is placed Within cavity 138, top 
surface 106 of midsole 104 is substantially ?ush With 
cushioning member 10. HoWever, heel chamber 26 and 
forefoot chamber 42 preferably bulge slightly above top 
surface 106 of midsole 104, in order to facilitate the cush 
ioning effect of cushioning member 10. Although in the 
illustrated embodiment of FIG. 5 cushioning member is 
disposed Within a midsole, those skilled in the art Will 
appreciate that cushioning member 10 may alternatively be 
disposed Within a cavity formed Within an outsole, an insole, 
or even Within a shoe “upper,” such as in a sockliner 
disposed Within the upper. 

[0091] In order to fully appreciate the cushioning effect of 
the present invention, the operation of the present invention 
Will noW be described in detail. As previously indicated, 
cushioning member 10 is disposed Within an article of 
footWear (not shoWn). When stationary, the foot of a Wearer 
is adequately cushioned by cushioning member 10. When 
the Wearer begins a stride, the heel area of the article of 
footWear contacts the ground or other support surface ?rst. 
At this time, the Weight of the Wearer applies doWnWard 
pressure on heel chamber 26 of cushioning member 10, 
causing ?rst portion 12 of heel chamber 26 to be forced 
doWnWardly toWard second portion 14 thereof. The com 
pression of heel chamber 26 causes the air Within the 
chamber to be forced forWardly, through communication 
chamber 58, into forefoot chamber 42. The velocity at Which 
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the air ?oWs betWeen chambers depends upon the structure 
of communication chamber 58, particularly the structure of 
impedance means 74. 

[0092] As air passes through communication chamber 58, 
ridges 68 help increase the turbulence Within the air ?oW. 
The turbulence in the air How is further increased as the air 
passes through impedance means 74. As previously 
described, the manner in Which and degree to Which turbu 
lence increases is a factor of the shape of impedance means 
74. In the embodiment shoWn in FIGS. 1, 5, 6 and 8, the air 
is essentially funneled in a straight manner through the 
reduced cross-sectional area of impedance means 74. In the 
embodiment shoWn in FIGS. 9-10, some air is channeled 
straight through a narroW communication channel 80 formed 
and bordered by resistance Walls 78, While other air is routed 
into diversion channels 82 formed and bordered by resis 
tance Walls 78. Those skilled in the art Will appreciate that 
this construction creates more turbulence in the air ?oW than 
does the “hourglass” construction previously described. 

[0093] In the embodiment of impedance means disclosed 
in FIGS. 11-14, the air ?oW substantially reverses direction 
While travelling through communication channel 80. In the 
embodiment of FIGS. 11-12, the turbulence in the air How 
is further increased by the air passing through circular 
rotaries 84. In the embodiment of FIGS. 13-14, turbulence 
in the air How is further increased as the air ?oW hits several 
resistance Walls 78 comprising right angles, and passes 
through substantially rectangular ports 86. Those skilled in 
the art Will appreciate that, of the embodiments shoWn in the 
Figures, the embodiment of FIGS. 13-14 provides the great 
est resistance to air ?oW. 

[0094] The How of air into forefoot chamber 42 causes 
forefoot chamber 42 to expand, Which slightly raises the 
forefoot or metatarsal area of the foot. It should be noted that 
When forefoot chamber 42 expands, the ?rst and second 
portions 12, 14 thereof assume a someWhat convex shape. 
When the forefoot of the Wearer is placed upon the ground, 
the expanded forefoot chamber 42 helps cushion the corre 
sponding impact forces. As the Weight of the Wearer is 
applied to the forefoot, the doWnWard pressure caused by the 
impact forces causes forefoot chamber 42 to compress, 
forcing the air therein to be thrust rearWardly through 
communication chamber 58 into heel chamber 26. Once 
again, the velocity at Which the air ?oWs from forefoot 
chamber 42 to heel chamber 26 Will be determined by the 
structure of impedance means 74. After “toe-off,” no doWn 
Ward pressure is being applied to the article of footWear, so 
the air Within cushioning member 10 should return to its 
normal state. Upon the next heel strike, the process is 
repeated. 

[0095] In light of the foregoing, it Will be understood that 
the cushioning member of the present invention provides a 
variable, non-static cushioning, in that the How of air Within 
cushioning member 10 complements the natural biodynam 
ics of an individual’s gait. 

[0096] Because the “heel strike” phase of a stride or gait 
usually causes greater impact forces than the “toe-off” phase 
thereof, it is anticipated that the air Will ?oW more quickly 
from heel chamber 26 to forefoot chamber 42 than from 
forefoot chamber 42 to heel chamber 26. Similarly, impact 
forces are usually greater during running than Walking. 
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Therefore, it is anticipated that the air How Will be more 
rapid and more turbulent betWeen the chambers during 
running than during Walking. 

[0097] The foregoing description of the preferred embodi 
ment has been presented for purposes of illustration and 
description. It is not intended to be exhaustive or to limit the 
invention to the precise form disclosed, and obviously many 
modi?cations and variations are possible in light of the 
above teachings. For example, it is not necessary that the 
cushioning member, especially the heel, forefoot and com 
munication chambers thereof, be shaped as shoWn in the 
draWings. Chambers of other shapes may function equally as 
Well. One modi?cation Would be to construct the sideWalls 
of the heel and forefoot chambers so as to comprise belloWs, 
to further facilitate the doWnWard ?exing of the chambers. 
In addition, there need not be speci?c forefoot, heel and 
communication chambers. For example, all three chambers 
may be disposed only in the forefoot area, and the imped 
ance means Would control the air ?oW betWeen the tWo 
oppositely disposed forefoot chambers. 

[0098] With reference to FIGS. 1 and 5, it Will be 
appreciated that cushioning member 10 comprises an insert 
Which may be positioned Within different areas of an article 
of footWear. Accordingly, although cushioning member 10 is 
shoWn as being positioned Within a midsole in FIG. 5, it is 
to be understood that cushioning member 10 may readily be 
positioned Within a cavity formed Within an outsole, an 
insole, or Within a sockliner disposed Within the upper. 
When positioned Within an outsole, cushioning member 10 
may be visible from the exterior of the shoe. Further, 
because cushioning member 10 comprises an insert, it Will 
be appreciated that the shoe in Which it is incorporated may 
be constructed so that cushioning member 10 is readily 
removable and may easily be replaced With another cush 
ioning member. Accordingly, different cushioning members 
can be inserted depending upon the physical characteristics 
of the individual and/or the type of activity for Which the 
shoe is intended. 

[0099] Further, although FIG. 5 shoWs moderator 88 as 
comprising part of a sockliner, moderator 88 may comprise 
any structure that results in a relatively stiff “plate” disposed 
above cushioning member 10. In fact, it is preferred that 
moderator 88 and cradle 104 be integral or unitary With one 
another. FIGS. 17-19 shoW one possible construction of this 
embodiment. In FIGS. 17-19, moderator 88 is shoWn as 
being integral With or comprising top surface 106 of cradle 
or midsole 104. In this regard, rather than having a complete 
cavity formed Within midsole 104, moderator 88 serves to 
form a partial cavity or reservoir 139 Within the bottom 
surface 140 of midsole 104. Moderator 88 further serves to 
create slightly raised areas 152 Within top surface 106 of 
midsole 104 adjacent the forefoot and heel areas thereof. 
Partial cavity or reservoir 139 comprises a ?rst or heel 
chamber receiving area 146, a second or forefoot chamber 
receiving area 148, and a third or communication chamber 
receiving area 150. Reservoir 139 receives cushioning mem 
ber 10 of the present invention. Similar to complete cavity 
138, partial cavity or reservoir 139 forms an interior sideWall 
142 Within midsole 104. In this embodiment, it is preferred 
that the top surface of the outsole of the article of footWear 
also include a small indentation or cavity for receiving 
communication chamber 58. It Will be appreciated that the 
preferred integral moderator and cradle is relatively simple 
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to manufacture, and increases the simplicity of the present 
invention by eliminating the need for a sockliner or other 
separate moderating means. 

[0100] As previously indicated, directional partitions 34 
may be incorporated Within cushioning member 10, 
although they need not be. If incorporated, directional 
partitions 34 can help compensate for the problem of prona 
tion, the natural tendency of the foot to roll inWardly after 
heel impact. During a typical gait cycle, the main distribu 
tion of forces on the foot begins adjacent the lateral side of 
the heel during the “heel strike” phase of the gait, then 
moves toWard the center axis of the foot in the arch area, and 
then moves to the medial side of the forefoot area during 
“toe-off.” Directional partitions 34 can be incorporated 
Within cushioning member 10 to ensure that the air ?oW 
Within cushioning member 10 complements such a gait 
cycle. Referring to FIGS. 1, 4A and 5A, it has been 
previously noted that directional partition 34 Within forefoot 
chamber 42 essentially divides the chamber into tWo 
regions: medial metatarsal region 54 and outer metatarsal 
region 56. When air is forced into forefoot chamber 42, 
directional partition 34 directs the majority of the air into 
medial metatarsal region 54, the region Where the most 
impact forces Will occur. Similarly, When air is forced into 
heel chamber 26, directional partition 34 formed therein 
ensures that the air Will enter lateral heel region 38 ?rst, as 
that is the region Which Will receive the greatest impact 
forces during heel strike. 

[0101] In addition to the above-noted changes, it Will be 
readily appreciated that the number of chambers of cush 
ioning member 10 may also be varied. For example, a 
second forefoot chamber 154, second heel chamber 156 and 
second communication chamber 158 may be provided, such 
as disclosed in FIG. 20, such that cushioning member 10 has 
tWo cushioning systems Which function independently of 
one another. Alternatively, numerous, interconnected cush 
ioning chambers may be provided, such as shoWn in FIG. 
21. In the embodiment of FIG. 21, cushioning member 10 
Would provide “multistage” cushioning, Wherein the differ 
ent chambers Would compress in sequence through the gait 
cycle. 
[0102] An alternative embodiment Would include valve 
means disposed adjacent communication chamber 58, in 
order to alloW the How rate to be adjusted. Another embodi 
ment, shoWn in FIG. 21, Would be to provide cushioning 
member 10 With at least tWo communication chambers, With 
each chamber including an interior check-valve 160. Check 
valves 160 could simply comprise clamping means formed 
Within communication chambers. In such a construction, 
each communication chamber Would be a one-Way chamber 
such that air could only How in one direction therethrough. 
FIG. 22 shoWs such an embodiment, Wherein ?uid ?oWs 
from heel chamber 26 to forefoot chamber 42 through ?rst 
communication chamber 58, and from forefoot chamber 42 
to heel chamber 26 via second communication chamber 158. 
The air How in this embodiment could thus be directed such 
that it mimics the typical gait cycle discussed above. Further, 
one of the communication chambers could include imped 
ance means Which provides laminar air ?oW, While the other 
communication chamber could include impedance means to 
provide turbulent air ?oW. 

[0103] Although three differently-shaped impedance 
means are shoWn in the accompanying draWings, other 






