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ARTICLE OF FOOTWEAR WITH A MOTION 
CONTROL DEVICE 

FIELD OF THE INVENTION 

[0001] The invention relates to an article of footwear 
Which has a dynamically changing motion control and 
cushioning bladder system. The bladder system provides 
varying amounts of resistance to side-to-side motion 
depending on the severity of such motion While Walking, 
running, or participating in other athletic activities. 

BACKGROUND OF THE INVENTION 

[0002] The typical running stride involves the runner 
landing on the lateral, posterior edge of the footWear in the 
heel region folloWed by pronation toWard the medial side as 
the foot continues through its stride. As footstrike continues, 
the foot stops pronating and begins to supinate as the foot 
rocks forWard so that the foot reaches a neutral position at 
midstance. From midstance, the foot rocks forWard to the 
forefoot region Where toe-off occurs at the ball and front of 
the foot. Toe-off typically involves the toes on the medial 
side of the foot pushing off the running surface as the foot 
leaves the ground to begin a neW cycle. 

[0003] Pronation involves the rolling of the foot from its 
lateral, posterior side to its inner, medial side. Although 
pronation is normal and necessary to achieve proper foot 
positioning, it can be a source of foot and leg injuries for 
runners Who over pronate. The typical runner Who over 
pronates lands on the outer, lateral side of the heel in a 
supinated position and then rolls medially across the heel 
toWard the inner side of the footWear beyond a point Which 
may be considered normal. While some amount of pronation 
is helpful in decreasing pressure and stress experienced by 
the leg, excessive pronation can cause stress on various 
joints, bones and soft tissue. Supinating, Which involves 
rolling of the foot from the medial to the lateral side, While 
not as common as over pronating, can also cause foot and leg 
injuries if it is excessive. 

[0004] Modern running and Walking footWear are a com 
bination of many elements each having a speci?c function 
Which aids in the overall ability of the footWear to Withstand 
many miles of running or Walking, While providing cush 
ioning and support for the foot and leg. Articles of athletic 
footWear are divided into tWo general parts, an upper and a 
sole. The upper is designed to snugly and comfortably 
enclose the foot, While the sole must provide traction, 
protection and a durable Wear surface. It is often desirable to 
provide the footWear With a midsole having a layer of 
resilient, cushioning materials for enhanced protection and 
shock absorption When the heel strikes the ground during the 
stride of the Wearer. This is particularly true for training or 
jogging footWear designed to be used over long distances or 
over a long period of time. These cushioning materials, must 
be soft enough to absorb the shock created by the foot strike 
and ?rm enough not to “bottom out” before the impact of the 
heel strike is totally absorbed. 

[0005] Attempts have also been made to provide support 
and comfort in an article footWear by incorporating bladders 
in ?uid communication With each other Within a sole. 
Examples of these devices include US. Pat. No. 4,183,156 
to Rudy (Which is hereby incorporated by reference); US. 
Pat. No. 4,446,634 to Johnson et al.; US. Pat. No. 4,999,932 

May 9, 2002 

to Grim; Austrian Patent No. 200,963 to SchutZ et al.; and 
HYDROFLOW®ST, by BROOKS® Sports, Inc. 

[0006] Conventional running and Walking footWear 
designed to provide the user With the maximum amount of 
available cushioning tend to sacri?ce footWear stability by 
using a midsole cushioning system that is too soft and has 
too much lateral ?exibility for a person Who over pronates 
or requires some form of motion control. The lateral ?ex 
ibility and deformation of traditional cushioning materials 
contribute to the instability of the subtalar joint of the ankle 
and increase the runner’s tendency to over pronate. This 
instability has been cited as one of the causes of “runners 
knee” and other such athletic injuries. As a result, over 
pronators generally do not use contemporary shoes speci? 
cally designed for maximum cushioning, but instead use 
heavier, ?rmer footWear, or footWear having motion control 
devices speci?cally designed to correct physical problems 
such as excessive pronation. Motion control devices limit 
the amount and/or rate of subtalar joint pronation immedi 
ately folloWing foot strike. 

[0007] Various Ways of resisting excessive pronation or 
instability of the subtalar joint have been proposed and 
incorporated into running footWear as motion control 
devices. In general, these devices have been fashioned by 
modifying conventional footWear components, such as the 
heel counter, and/or the midsole cushioning materials. 
Unlike the present invention, current motion control devices 
do not repeatedly adjust their level of support to match the 
varying degree of side-to-side motion accompanying each 
foot strike. Instead, When used to control pronation, devices 
such as ?rm medial posts limit over pronation by providing 
a substantially rigid structure With a constant stiffness and 
level of support that presses against the medial side of the 
foot, limiting internal rotation of the ankle. Examples of 
motion control devices include: US. Pat. No. 5,046,267, to 
Kilgore et al.; US. Pat. No. 5,155,927, to Bates et al.; and 
US. Pat. No. 5,367,791, to Gross et al. 

SUMMARY OF THE INVENTION 

[0008] TWo of the most common reasons for foot and knee 
injuries sustained by runners and Walkers are insuf?cient 
shock absorption and a lack of proper lateral motion control. 
Both reasons must be considered When designing footWear 
so the Wearer receives the proper amount of cushioning and 
motion control Without signi?cantly increasing the overall 
Weight of the footWear. Many runners Who require a mod 
erate amount of motion control may have to use heavy, 
bulky footWear, Which is Weighted doWn by support fea 
tures, and designed for the severe over pronator. 

[0009] The present invention introduces cushioning and 
dynamic motion control in a single, multi-bladder system 
providing optimum cushioning, While simultaneously pro 
viding the needed amount of motion control by stiffening a 
portion of the footWear in response to the individual user’s 
lateral motion, most frequently pronatory motion. The blad 
der system of the present invention takes into consideration 
the center-of-pressure pathWay of the foot during typical 
footstrike to increase medial stiffness in response to lateral 
to-medial rotation of the foot, so the more a user pronates, 
the stiffer the medial portion of the footWear is made. The 
bladder system provides comfort and control Without the 
extra Weight and bulk of prior art support structures because 
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the support is provided by the How of ?uid in the cushioning 
system. The bladder system also provides a dynamically 
changing cushioning system that functions When pressure is 
applied to its region of the footWear and returns to equilib 
rium When the pressure is removed. 

[0010] The present invention utiliZes lightWeight bladders 
for the dual purposes of cushioning and motion control. As 
a result, motion control footWear incorporating the present 
invention can be made lighter than its contemporary coun 
terparts and provides a level of support commensurate With 
the degree of lateral motion, such as over-pronation, in each 
stride of the user. 

[0011] An article of footWear for controlling side-to-side 
motion of a foot of a Wearer according to the present 
invention comprises an upper, a sole attached to the upper, 
and a bladder system positioned Within the sole of the 
footWear. The system includes at least ?rst and second 
bladder chambers positioned side-by-side of one another and 
in ?uid communication. A ?rst valve is positioned betWeen 
the ?rst bladder chamber and the second bladder chamber. 
The ?rst valve opens at a ?rst predetermined level of 
pressure so that a ?uid contained Within the ?rst outer 
bladder chamber is forced into the second bladder chamber 
When pressure Within the ?rst bladder chamber reaches the 
predetermined level to increase the pressure in the second 
bladder chamber and dynamically increase the support pro 
vided by the second bladder chamber on the side it is 
disposed. 

[0012] In one preferred embodiment, the bladder system 
positioned is Within a heel region of the sole and the ?rst 
bladder chamber is disposed adjacent one side of the heel 
region, a third bladder chamber is disposed adjacent the 
other side of the heel region and the second bladder chamber 
is disposed betWeen the ?rst and third bladder chambers in 
?uid communication thereWith. Asecond valve is positioned 
betWeen the third bladder chamber and the second bladder 
chamber. The second valve includes a second pressure 
regulator that prevents ?uid ?oW from the second bladder to 
the third bladder chamber When the pressure in the second 
bladder chamber is beloW a second predetermined pressure 
and alloWs ?uid ?oW from the second bladder chamber to 
the third bladder chamber When the pressure in the second 
bladder chamber is at or above the second predetermined 
pressure to increase the pressure in the third bladder cham 
ber and dynamically increase the support provided by the 
third bladder chamber. 

[0013] The present invention also includes an embodiment 
Which forces ?uid from a central chamber into tWo outer 
chambers Which surround it to stabiliZe the foot and prevent 
medial and lateral turning of the foot. In this embodiment, 
valves positioned Within conduits connecting the chambers 
alloW the contained ?uid to immediately ?oW from the 
central chamber into the outer chambers When pressure is 
applied to the central chamber. In this embodiment, the 
direction of immediate ?uid ?oW betWeen the central cham 
ber and the ?rst outer chamber is opposite to that discussed 
above With respect to the other embodiments of the present 
invention. In this embodiment, ?uid immediately ?oWs from 
the central bladder to the tWo outer bladders When pressure 
is applied. Fluid only ?oWs from the ?rst outer bladder to the 
central bladder When it sloWly bleeds back into it during the 
rest phase of the running or Walking stride. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is an eXploded vieW of an article of foot 
Wear incorporating a bladder system according to the present 
invention; 
[0015] FIG. 2A is a top vieW of the bladder system 
according to the present invention having a single conduit 
housing betWeen the bladder chambers; 

[0016] FIG. 2B is a perspective vieW of the bladder 
system according to the present invention; 

[0017] FIG. 3A is a top vieW of the bladder system 
according to the present invention having a single housing 
With tWo conduit lines extending betWeen the bladder cham 
bers; 
[0018] FIG. 3B is a top vieW of the bladder system 
according to the present invention having tWo conduit lines 
extending betWeen the bladder chambers; 

[0019] FIG. 4 illustrates a typical path of the center of 
pressure of the foot during a stride. 

[0020] FIGS. 5A and 5B are cross-sectional vieWs, With 
valves removed, taken generally along lines 5A-5A and 
5B-5B of FIGS. 3A and 3B to illustrate different embodi 
ments of the conduits according to the present invention; and 

[0021] FIG. 6 is a top vieW of another embodiment of the 
bladder system according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0022] An article of athletic footWear 80 including a 
dynamic, cushioning and motion control bladder system 10 
according to the present invention is shoWn in FIG. 1. 
FootWear 80 is comprised of an upper 75 for covering a 
Wearer’s foot and a sole assembly 85. Bladder system 10 is 
incorporated into a midsole layer 60. An outsole layer 65, for 
engaging the ground, is secured to at least a portion of 
midsole layer 60 to form sole assembly 85. A sock liner 70 
is preferably placed in shoe upper 75. Depending upon the 
midsole material and performance demands of the shoe, 
midsole layer 60 can also form part or all of the ground 
engaging surface so that part or all of outsole layer 65 can 
be omitted. Bladder system 10 is located in the heel region 
81 of footWear 80 and is incorporated therein by any 
conventional technique such as foam encapsulation or place 
ment in a cut-out portion of a foam midsole. Asuitable foam 
encapsulation technique is disclosed in US. Pat. No. 4,219, 
945 to Rudy, hereby incorporated by reference. 

[0023] As illustrated in FIGS. 1 and 2A, bladder 12 
includes outer, lateral bladder chamber 12 and outer, medial 
bladder chamber 14. A central bladder chamber 16 is posi 
tioned betWeen and in ?uid communication With lateral and 
medial bladder chambers 12, 14 so that bladders 12, 14, and 
16 are arranged in a side-by-side relationship. Lateral blad 
der chamber 12 and central bladder chamber 16 are ?uidly 
connected by a ?rst conduit 20. A second conduit 30 ?uidly 
connects central bladder chamber 16 and medial bladder 
chamber 14. In the embodiment illustrated in FIG. 2A, 
chambers 12, 14, and 16 are ?uidly connected by conduits 
27. 

[0024] Bladder chambers 12, 14, 16 and conduits 27 of 
FIG. 2A, or conduits 20, 30 of FIGS. 3A and 3B, are 
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formed of a thermoplastic elastomeric barrier ?lm, such as 
polyester polyurethane, polyether polyurethane, such as a 
cast or extruded ester based polyurethane ?lm having a 
shore “A” hardness of 80-95, e.g., Tetra Plastics TPW-250. 
Other suitable materials can be used such as those disclosed 
in the ‘156 patent to Rudy. Among the numerous thermo 
plastic urethanes Which are particularly useful in forming the 
?lm layers are urethanes such as PellethaneTM, (a trade 
marked product of the DoW Chemical Company of Midland, 
Mich.), Elastollan® (a registered trademark of the BASF 
Corporation) and ESTANE® (a registered trademark of the 
BF. Goodrich Co.), all of Which are either ester or ether 
based and have proven to be particularly useful. Thermo 
plastic urethanes based on polyesters, polyethers, polyca 
prolactone and polycarbonate macrogels can also be 
employed. Further suitable materials could include thermo 
plastic ?lms containing crystalline material, such as dis 
closed in Us. Pat. Nos. 4,936,029 and 5,042,176 to Rudy, 
Which are incorporated by reference; polyurethane including 
a polyester polyol, such as disclosed in US. Pat. No. 
6,013,340 to Bonk et al., Which is incorporated by reference; 
or multi-layer ?lm formed of at least one elastomeric 
thermoplastic material layer and a barrier material layer 
formed of a copolymer of ethylene and vinyl alcohol, such 
as disclosed in US. Pat. No. 5,952,065 to Mitchell et al., 
Which is incorporated by reference. 

[0025] In a preferred embodiment of the present invention, 
bladder chambers 12, 14, 16 and conduits 27, 20, 30 are 
integrally formed of ?rst and second sheets 40, 45 of 
elastomeric barrier ?lm. In a preferred embodiment of the 
present invention, bladders 12, 14, 16 are formed from 
generally transparent or translucent elastomeric ?lm to 
enable visibility through the bladders. 

[0026] US. Pat. Nos. 4,183,156 (‘ 156) and 4,219,945 
(‘945) to Marion F. Rudy, the contents of Which are hereby 
expressly incorporated by reference, describe conventional 
Welding techniques Which can be used to form the shapes of 
the bladder chambers 12, 14, 16 and conduits 20, 30. As 
disclosed in the ‘156 and ‘945 patents, sheet 40 and 45 can 
be Welded to one another to de?ne the side Walls of bladder 
chambers 12, 14, 16 and conduits 20, 30, as Well as interior 
Welds (not shoWn in the draWings) Within the bladder 
chambers to maintain the bladder chambers in a generally 
?at con?guration. 

[0027] In an alternative embodiment of the present inven 
tion bladder chambers 12, 14, 16 and conduits 27, 20, 30 are 
formed using conventional bloW-molding techniques. 

[0028] Bladder chambers 12, 14, 16 can be sealed to hold 
air or other ?uid at ambient pressure, or can be pressuriZed 
With an appropriate ?uid, for example, hexa?uorethane, 
sulfur hexa?uoroide, nitrogen, air, or other gases such as 
those disclosed in the aforementioned ‘156, ‘945, ‘029, or 
‘176 patents to Rudy, or the ‘065 patent to Mitchell et al. If 
pressuriZed, the ?uid or gas can be placed in the bladder 
through an in?ation tube (not shoWn) in a conventional 
manner by means of a needle or holloW Welding tool. After 
in?ation, the bladder can be sealed at the juncture of the 
bladder and in?ation tube, or by the holloW Welding tool 
around the in?ation point on the in?ation tube. 

[0029] FIG. 4 diagrammatically illustrates the path Cp of 
the center of pressure that a foot applies during typical 
running. As seen therein, the center of pressure is initially 
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applied at the rear lateral edge of the foot at footstrike and 
moves diagonally medially and forWard. The medial motion 
of the center of pressure is indicative of the natural pronation 
motion that the foot undergoes immediately after footstrike. 
As the foot rolls forWard past the heel area, the pronation 
motion stops and the foot begins a degree of supination 
motion in the opposite direction, i.e., from the medial side to 
the lateral side. 

[0030] As the center of pressure of the foot during a foot 
strike moves medially across footWear 80, the pressure 
Within the bladders serially increases in the direction of the 
pronatory motion until the medial chamber ?lls and stiffens 
the medial side of the footWear to prevent excessive prona 
tion, pronation beyond the point Which may be considered 
normal. Apressure gradient created in the bladders during a 
foot strike, Works in conjunction With the pronatory motion 
of the foot to provide a dynamic level of motion control 
commensurate With the degree of over-pronation. 

[0031] In order to accomplish this dynamic control, as 
shoWn in FIG. 3A, the pressure betWeen the bladder cham 
bers is controlled by ?rst and second ?oW valves 22, 32 
located Within ?rst and second conduits 20, 30, respectively. 
Valves 22, 32 include one-Way valves such as Vernay 
duck-bill valves or ?apper valves. Valves 22, 32 can also 
include those discussed in US. Pat. No. 5,253,435 to Auger 
et al. and US. Pat. No. 5,257,470 to Auger et al., both hereby 
expressly incorporated by reference. One Way or check 
valves Which limit ?uid ?oW to only one direction and Which 
are commonly found in medical devices such as syringes 
and bulb pumps can also be used. Conduit 20 and valve 22 
freely deliver ?uid in the direction of the foot stride. Conduit 
30 and valve 32 alloW the displaced ?uid to sloWly return to 
its original chamber. Valves 22, 32 are positioned at the 
forWard end of bladder system 10 in order to protect them 
from impact during a foot strike. Conduits 20, 30 can either 
be tWo separate members each having its oWn ?uid line as 
shoWn in FIG. 5B, or as shoWn in Figure 5A, one member 
including tWo ?uid lines. 

[0032] As shoWn in FIG. 2A, a single, one-Way valve 28 
With a sloW return bleed can be substituted for valves 22 and 
32. A single valve 28 is located Within a single conduit 27 
extending betWeen tWo adjacent bladders. As With valves 22 
and 32, each single valve and each single conduit Would be 
in ?uid communication With the forWard end of a pair of 
adjacent bladders. 

[0033] Valves 22 or single, one-Way valve 28 can open 
instantaneously When pressure rises Within chamber 12 or 16 
as a result of a foot strike to alloW ?uid to pass into chamber 
16 or 14, respectively. The time the regulating members 
Within these valves may remain open is betWeen 1 and 5 
milliseconds. One preferred opening time is about 5 milli 
seconds. The regulating members included, for example, the 
?aps on a ?apper valve. These valves may also be set to open 
for ?uid ?oW in the direction of the stride When the differ 
ential pressure betWeen the bladders reaches a predeter 
mined level, for example, from any minimal differential up 
to a 10 psi or greater differential. Other Well knoWn pres 
sures levels may also be used to trigger these valves. The 
triggering pressure levels Will vary depending upon the 
initial cushioning pressures established in the bladders When 
they are in?ated. Setting the valves to open at a preset 
pressure differential alloWs the bladder chambers and ?uid 
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?oW to be customized for severe pronators, larger runners or 
other users Who require speci?c or additional amounts of 
cushioning from a bladder. 

[0034] Prior to the heel of a user touching doWn, the 
predetermined pressure in the bladder charnbers preferably 
is equal: PL=PC=PM. The range of pressure Within the 
bladders is preferably betWeen 15 and 30 psi, With the 
preferred pressure being 20 psi. Initial striking of the heel 
increases the pressure PL Within lateral bladder chamber 12 
by deforrning it. As the foot strike continues and PL eXceeds 
Pc or the value for Which ?oW valve 22 is calibrated, valve 
22 opens and ?uid ?oWs through conduit 20 from lateral 
bladder chamber 12 to central chamber 16 causing a pres 
sure rise in central chamber 16 Which results in PC>PM. The 
pressure in central bladder chamber 16 rises even further 
With the pronating rnotion because the center-of-pressure 
rnoves rnedially to compress center bladder chamber 16. As 
Pc eXceeds PM or the calibrated differential limit for valve 
22, betWeen chambers 14 and 16, valve 22 opens and ?uid 
from central bladder chamber 16 ?oWs into rnedial bladder 
chamber 14. The resulting increased pressure in chamber 14 
stiffens the medial side of heel region 81 to prevent any 
further rnedial rolling of the foot i.e., lirnit pronation. The 
increased pressure in medial bladder chamber 14 and stiff 
ness of the medial side of footWear 80 is dependent on the 
location and force of the heel strike. 

[0035] Bladder system 10 adapts to the amount of prona 
tion during a stride and stiffens the medial side of footWear 
80 accordingly. The serial increase of pressure from lateral 
bladder chamber 12 to central bladder chamber 16 to rnedial 
bladder chamber 14 can be referred to as pressure rarnping. 
The degree of lateral to rnedial motion and the location of 
the foot strike dictate the resulting pressure in medial 
bladder chamber 14 and the resulting degree of stiffness 
along the medial side of footWear 80. Pressure rarnping 
Within system 10 is greatest When the user lands on the outer, 
lateral edge of the footWear and the resulting foot motion is 
largely in the lateral to rnedial direction. As previously 
discussed, this type of pronatory foot rnotion initially applies 
pressure to lateral bladder chamber 12, forcing its ?uid into 
central bladder chamber 16. As the foot stride continues, 
pressure is applied to central bladder chamber 16 and a 
volume of ?uid in the central chamber is forced into rnedial 
bladder chamber 14, thereby stiffening the medial side of 
footWear 80. 

[0036] Auser Who does not over pronate generally Will put 
less initial pressure on the lateral side of the footWear and 
Will force less ?uid, if any, into bladders 16 and 14 during 
a typical stride When compared to an over pronator having 
the same striking force. When a person Who does not pronate 
uses footWear 80, the resulting stiffness along the medial 
side differs from that discussed above, assuming that both 
heel strikes are equal in force. For example, if the heel strike 
of a user ?rst cornpresses only central bladder chamber 16 
and the pressure in lateral chamber 12 remains beloW the 
release limit of valve 22 in conduit 20, only ?uid from 
central bladder 16 Will be available to transfer to rnedial 
bladder chamber 14. The resulting pressure in chamber 14 
Will therefore be only the sum of the ?uid pressure in 
chamber 14 and the amount transferred from chamber 16. 
FloW valve 22 positioned betWeen chambers 12 and 16 Will 
prevent ?uid from leaving lateral bladder chamber 12 until 
the pressure in chamber 12 is greater than the pressure at 
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Which valve 22 opens. Valve 32 maintains the pressure in 
chamber 12 at its initial level, either by preventing ?uid frorn 
?oWing into chamber 12 or by Working in conjunction With 
valve 22 so that the amount of ?uid that enters chamber 12 
through valve 32 Will eXit through valve 22 into chamber 16. 
Hence, the pressure in medial bladder 14 Will not rise to the 
aggregate pressure achieved during a more pronatory heel 
strike, ie one that begins by striking the lateral portion of 
the footWear, because the available ?uid in bladder 16 Will 
not be an aggregate of that from bladders 12, 14 and 16. 
Instead, it Will only effectively include ?uid frorn chambers 
14 and 16. Accordingly, the less a runner pronates, the less 
the medial side of the shoe stiffens. 

[0037] After the landing phase of running is over, equi 
libriurn or initial pressure betWeen the bladders is re-estab 
lished before the neXt heel strike, either by a sloW leak 
through the single tWo-Way valve 28, or through valve 32, 
Which alloWs ?uid to pass back into the central and lateral 
bladder chambers. The typical recovery time for returning 
these bladder chambers to rest pressure is betWeen 0.1 and 
2 seconds With the most preferred time being approximately 
1 second. As discussed above, the recovery time Will depend 
on the amount of the ?uid forced from each bladder cham 
ber. The smaller the chambers or the less ?uid transferred, 
the shorter the recovery time for the system. 

[0038] As seen in FIG. 6, a cushioning system 100, can 
eXtend along the length of footWear 80, i.e., With bladder 
chambers in the heel region and the forefoot region. Cush 
ioning system 100 includes a bladder system 110. Bladder 
system 110 is constructed the same as bladder system 10, 
with similar components in FIG. 6 labeled With like num 
bers as bladder system 10, but in the 100 series of numbers. 
Bladder charnbers 112, 114 and 116 function in the same 
Way as bladder chambers 12, 14 and 16, respectively, to 
stiffen the medial side of footWear 80 behind the instep in the 
heel region 135. 

[0039] Cushioning system 100 also includes a bladder 
system 148 formed of bladder charnbers 152 and 156 in the 
forefoot region 150 to provide lateral stability and increased 
performance When running or jumping. Bladder charnbers 
152 and 156 eXtend along the forefoot region of footWear 80 
and are formed of the same material as bladder chambers 12, 
14 and 16. Bladder charnbers 152 and 156 include a sup 
portive, cushioning ?uid Which can be the same as that used 
in the rear bladder charnbers 112, 114 and 116 or a different 
?uid, as discussed above. Bladder charnbers 152 and 156 are 
in ?uid communication with each other by a pair of conduits 
158, each having a valve 160, 162. Valves 160, 162 are the 
same as valves 122, 132, respectively, eXcept that they may 
be designed to function at different pressure levels or dif 
ferentials than bladder 122, 132. In contrast to valve 122, 
discussed above, valve 160 alloWs ?uid ?oW in the medial 
to lateral direction in order to stiffen the lateral side of the 
forefoot of footWear 80 during a foot stride. As the foot 
strike moves through the forefoot of footWear 80, ?uid ?oWs 
out of medial chamber 152 into lateral chamber 156 to 
stiffen the lateral side of footWear 80. The pressure rarnping 
in the forefoot folloWs the same principles as that in the heel 
region, eXcept that ?uid ?oWs in the opposite direction. 
Pressure rarnping in the forefoot stiffens the lateral side of 
footWear 80 to support to the foot When cutting or turning for 
increased performance, or to support the forefoot during the 
propulsion phase of running or Walking. As bladder charnber 



US 2002/0053146 A1 

156 ?lls With the ?uid from chamber 152, it creates a Wedge 
effect Within the forefoot that the user can push against When 
turning, jumping, or running. Valve 162 alloWs for the return 
of ?uid from chamber 152 to chamber 156. 

[0040] The pressure ramping system can be divided into 
any number of chambers. Its effectiveness is determined by 
relative volumes, locations and the number of chambers 
used to provide the pressure ramping function. The number 
of chambers used is at least in part based on the pressure in 
the plantar region as a function of time for any give de?ned 
movement. The positioning and siZe of the bladders depends 
on the type of footWear they are incorporated into and the 
activity in Which they Will be used. For example, a system 
located Within an article of footWear intended to be used for 
basketball may be have a different siZe, a different at rest 
pressure and different valve triggering pressures than foot 
Wear used for running. Also, the basketball footWear may 
incorporate the forefoot portion of cushioning system 100 
Where as such a system may not be needed Within running 
footWear. 

[0041] Numerous characteristics, advantages and embodi 
ments of the invention have been described in detail in the 
foregoing description With reference to the accompanying 
draWings. HoWever, the disclosure is illustrative only and 
the invention is not limited to the illustrated embodiments. 
Various changes and modi?cations may be effected therein 
by one skilled in the art Without departing from the scope or 
spirit of the invention. 

I claim: 
1. An article of footWear for controlling side-to-side 

motion of a foot of a Wearer comprising: 

an upper for covering at least a portion of a Wearer’s foot; 

a sole attached to said upper; 

a bladder system positioned Within said sole and including 
at least ?rst and second bladder chambers in ?uid 
communication With one another, said ?rst and second 
bladders being positioned side-by-side of one another 
in a medial to lateral direction of said sole; 

a ?rst valve positioned betWeen said ?rst bladder chamber 
and said second bladder chamber; 

said ?rst valve including a ?rst pressure regulator that 
prevents ?uid ?oW from said ?rst bladder chamber to 
said second bladder chamber When the pressure in said 
?rst bladder chamber is beloW a ?rst predetermined 
pressure and alloWs ?uid ?oW from said ?rst bladder 
chamber to said second bladder chamber When the 
pressure in said ?rst bladder chamber is at or above said 
?rst predetermined pressure to increase the pressure in 
said second bladder chamber and dynamically increase 
the support provided by said second bladder chamber 
on the side it is disposed. 

2. The footWear of claim 1 Wherein said ?rst valve is a 
one-Way check valve. 

3. The footWear of claim 2 Wherein said one-Way check 
valve has a regulator Which alloWs ?uid to return to said ?rst 
bladder chamber after it has been forced into said second 
bladder chamber. 

4. The footWear of claim 1 Wherein said valve regulator 
alloWs said bladder chambers to return to an initial rest 
pressures in betWeen strides. 
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5. The footWear of claim 1 Wherein said second bladder 
chamber eXtends along a medial side to control pronation. 

6. The footWear of claim 1 Wherein said second bladder 
chamber extends along a lateral side of the forefoot region 
to control supination. 

7. The footWear of claim 1 further including a second 
valve located betWeen said ?rst bladder chamber and said 
second bladder chamber, Wherein said second valve alloWs 
return ?oW into said ?rst bladder chamber. 

8. The article of footWear of claim 1 Wherein: 

said bladder system positioned is Within a heel region of 
said sole and said ?rst bladder chamber is disposed 
adjacent one side of said heel region, a third bladder 
chamber is disposed adjacent the other side of said heel 
region and said second bladder chamber is disposed 
betWeen said ?rst and third bladder chambers in ?uid 
communication thereWith; 

a second valve positioned betWeen said third bladder 
chamber and said second bladder chamber; 

said second valve including a second pressure regulator 
that prevents ?uid ?oW from said second bladder to 
said third bladder chamber When the pressure in said 
second bladder chamber is beloW a second predeter 
mined pressure and alloWs ?uid ?oW from said second 
bladder chamber to said third bladder chamber When 
the pressure in said second bladder chamber is at or 
above said second predetermined pressure to increase 
the pressure in said third bladder chamber and dynami 
cally increase the support provided by said third blad 
der chamber. 

9. The footWear of claim 8 Wherein said valves are 
one-Way check valves Which alloW ?uid ?oW betWeen said 
chambers When said heel region is compressed for increas 
ing pressure Within said third bladder chamber to thereby 
stiffen an area of said heel region in Which said third bladder 
chamber is located and control motion of the foot. 

10. The footWear of claim 9 Wherein each said one-Way 
check valve has a regulator Which alloWs ?uid to return to 
said ?rst and second bladder chambers after it has been 
forced into said third bladder chamber. 

11. The footWear of claim 8 Wherein said valve regulators 
alloW said bladder chambers to return to an initial rest 
pressure in betWeen strides by the user. 

12. The footWear of claim 8 Wherein said third bladder 
chamber eXtends along a medial side of said heel region to 
control pronation. 

13. The footWear of claim 8 further including a third valve 
located betWeen said ?rst bladder chamber and said second 
bladder chamber, and a fourth valve located betWeen said 
third bladder chamber and said second bladder chamber, 
Wherein said third and fourth valves alloW return ?oW into 
the ?rst and second bladder chambers, respectively. 

14. A dynamic bladder system for use Within footWear to 
control motion of a foot of a Wearer, said bladder system 
comprising: 

at least ?rst and second bladder chambers in ?uid com 
munication With one another, said ?rst and second 
bladders being positioned side-by-side of one another 
in a medial to lateral direction of said sole; 

a ?rst valve positioned betWeen said ?rst bladder chamber 
and said second bladder chamber; 
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said ?rst valve including a ?rst pressure regulator that 
prevents ?uid ?oW from said ?rst bladder chamber to 
said second bladder chamber When the pressure in said 
?rst bladder chamber is beloW a ?rst predetermined 
pressure and alloWs ?uid ?oW from said ?rst bladder 
chamber to said second bladder chamber When the 
pressure in said ?rst bladder chamber is at or above said 
?rst predetermined pressure to increase the pressure in 
said second bladder chamber and dynamically increase 
the support provided by said second bladder chamber 
on the side it is disposed. 

15. The bladder system of claim 14 Wherein said ?rst 
valve is a one-Way check valve. 

16. The bladder system of claim 15 Wherein said one-Way 
check valve has a regulator Which alloWs ?uid to return to 
said ?rst bladder chamber after it has been forced into said 
second bladder chamber. 

17. The bladder system of claim 14 Wherein said valve 
regulator alloWs said bladder chambers to return to an initial 
rest pressures in betWeen strides. 

18. The bladder system of claim 14 further including a 
second valve located betWeen said ?rst bladder chamber and 
said second bladder chamber, Wherein said second valve 
alloWs return ?oW into said ?rst bladder chamber. 

19. The bladder system of claim 14 including: 

a third bladder chamber, Wherein said second bladder 
chamber is disposed betWeen said ?rst and third blad 
der chambers in ?uid communication thereWith; 

a second valve positioned betWeen said third bladder 
chamber and said second bladder chamber; 

said second valve including a second pressure regulator 
that prevents ?uid ?oW from said second bladder to 
said third bladder chamber When the pressure in said 
second bladder chamber is beloW a second predeter 
mined pressure and alloWs ?uid ?oW from said second 
bladder chamber to said third bladder chamber When 
the pressure in said second bladder chamber is at or 
above said second predetermined pressure to increase 
the pressure in said third bladder chamber and dynami 
cally increase the support provided by said third blad 
der chamber. 

20. The bladder system of claim 19 Wherein said valves 
are one-Way check valves Which alloW ?uid ?oW betWeen 
said chambers When said bladder system is compressed for 
increasing pressure Within said third bladder chamber to 
thereby stiffen an area in Which said third bladder chamber 
is located and control motion of the foot. 
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21. The bladder system of claim 20 Wherein each said 
one-Way check valve has a regulator Which alloWs ?uid to 
return to said ?rst and second bladder chambers after it has 
been forced into said third bladder chamber. 

22. The bladder system of claim 19 Wherein said valve 
regulators alloW said bladder chambers to return to an initial 
rest pressure in betWeen strides by the user. 

23. The article of claim 19 further including a third valve 
located betWeen said ?rst bladder chamber and said second 
bladder chamber, and a fourth valve located betWeen said 
third bladder chamber and said second bladder chamber, 
Wherein said third and fourth valves alloW return ?oW into 
the ?rst and second bladder chambers, respectively. 

24. Abladder system for use in footWear to dynamically 
control the side-to-side support provided by the bladder 
system comprising: 

a plurality of ?uid containing bladder chambers arranged 
in a side-by-side relationship; 

conduits ?uidly connecting adjacent chambers; and 

How control devices to direct the How of ?uid from one 
of said bladder chambers undergoing impact from a 
Wearer’s foot When the pressure in said one of said 
bladder chambers eXceeds a predetermined level to at 
least one of said other bladder chambers to increase the 
pressure in, and the support provided by, the at least one 
of said other bladder chambers. 

25. The bladder system of claim 24 Wherein said plurality 
of bladder chambers includes at least three bladder cham 
bers, including tWo outer bladder chambers and a central 
bladder chamber, and said How control devices being 
arranged to serially direct ?uid ?oW from one of said outer 
bladder chambers to said central bladder chamber and 
thereafter to the other one of said outer bladder chamber as 
the impact of a Wearer’s foot increases the pressure in said 
one of said outer bladder chambers above a ?rst predeter 
mined level and thereafter increases the pressure in said 
central bladder chamber above a second predetermined level 
to increase the pressure in, and the support provided by, said 
other one of said outer bladder chambers. 

26. The bladder system of claim 25 Wherein said How 
control devices alloW ?uid to return from said other one of 
said outer bladder chamber to said central bladder chamber 
and said one of said outer bladder chambers after footstrike 
by the Wearer has been completed. 

* * * * * 


