


rock or other hard object. These materials incktdadard cheroally foamedoolyether or

polyester foams.

[006] Other padding can be made from stiffer foam matersleh ascrosslinked
polyethylene foams or EVA foamsSuch foam®ffer a bit more protection, but restritte
user’s range of motion. Overall, suchmaterals offer insufficient protection while

restrictng motion.

[007] Therealsohave been attempts to ustiffer foams as pads, but tfi@amhad to be
cut in strips in order to reduce the restriction of movement that a solid foam piece would

cause. Unfortunaty for the wearer, the strips offered less than optimal protection.

[008] Foam can also be thermoformed into curved or complex shapes sewn
between layers of material that holds the strips or pieces in plxber materials that offer
better impact almsption such as d30 have also been used in padding, but these materials
are also stiff.

[009] Attempts have been made to make fitregoingmaterials appear less stiff to the
wearer by creating thinner regions in each piece which allows better flexing. But
protective pads manufactured this way cannot offer full range of matitime location of

the paddingbecause the material brea#part when flexed at the thinner areas. These
materials also need to be buried beneath layers of fabric because they dueabts or
aesthetically pleasing enough to be exposed. The use of covering materigls add
unnecessary weight to the paddiagdincreaseshe cost of thepads.

[0010] A need existdor improved protective paddingparticularlyfor areas requiring

range of maon, andfor joints.



SUMMARY

[0011] The present disclosure is directed one embodimentp a cushioning padhat
includesa first channel comprising a thickness and a widthefirst channelcomprisesa
continuous upper layer and a continuous loweedayhich isat least partially bonded to
the continuous lower layefThecushioning regiofis disposeadjacent to the first channel
and hasa thickness greater than the thickness of the first chanftet cushioning region
further includesa cushionig material disposed between and bonded to the continuous
upper layer and the continuous lower layé&rgroovemaybedefined in the upper surface

of the cushioning regiorwith a thickness less than the thickness of the cushioning region

and greater thamé thickness of the first channel.

[0012] In some embodiments, thmushioning padncludesa perimeterflange spaced
apart from the cushioning region by the width of the charamelthe perimeterflangehas

a thickness greater than the thickness offitise channel and less than the thickness of the
cushioning region The perimeter flange includes the cushioning material disposed

between and bonded to the continuous upper layer and the continuous lower layer.

[0013] In some embodimentshe continuous upper layer & least partially bonded to
the continuous lower layer in tiperimeterchannel by a plurality of portions of cushioning

material disposed between and bonded to the continuous upper and lower layers.

[0014] In some embodiments, thgerimeterchannel includesa continuous layer of
cushioning material disposed between and bonded tacdh&nuous upper and lower

layers.

[0015] The present disclosure is directed anotherembodimentto a cushioning pad
including aperimeter channel comprising a thickness and a widiheperimeter channel
includesa continuous upper layer and a continuous lower laydre continuous upper
layer is at least partially bonded to the continuous lower layd&he cushioning pad

includesa cushioning region adjacent to the perimeter ohhmwhich hasa thickness



greater than the thickness of the perimeter channlécushioning regioralso includes
cushioning material disposed between and bonded to the continuous upper lager and
continuous lower layer. ferimeter flanges spaed apart from the cushioning region by
the width of the perimeter channeind hasa thickness approximately equal to the

combined thickness of the inner layer and the outer layer.

[0016] In any of the embodiments of tieashioning pagdthe continuous upper drower
layerscan comprise polyester thermoplastic polyurethane.

[0017] In any of the embodiments of tikashioning pagdthe continuous upper and lower
layerscan comprise @PE film bonded to a layer spandex fabgach that th@PE layers
are disposed adjant to the cushioning material.

[0018] In any of the embodiments of tlmishioning padthe cushioning materiatan
comprisea cellular material comprising a plurality of cells having a minimum cell
diameter, and the thickness of the cushioning material bettheenner layer and the outer

layer is less than the minimum cell diameter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The foregoing and other features and advantages will be apparent from the
following more particular description of exemplary embodiments ofdiselosure, as
illustrated in the accompanying drawings, in which like reference characters refer to the
same parts throughout the different views. The drawings are not necessarily to scale,
emphasis instead being placed upon illustrating the principtbe alisclosure.

[0020] FIG. 1A is atop view of one exemplary cushioning pad according to the present

disclosurewith various cushioning regions

[0021] FIG. 1B is atop views of the cushioning paghown in FIG. 1A

[0022] FIG. 1C is atop views of thecushioning paghown in FIG. 1A



[0023] FIG. 1D is atop views of the cushioning paghown in FIG. 1A

[0024] FIG. 1E is atop views of the cushioning paghown in FIG. 1A

[0025] FIG. 2 is a schematic side view of the cushioning palGf 1A, through line 22;

[0026] FIG. 3 is a schematic sideew of the cushioning pad &1G. 1A, through line 33;

[0027] FIG. 4 is a top view of another exemplary cushioning pad according to the present

disclosure;

[0028] FIG.5 is a schematic side view of the cushioning pal@f 4, through line 5b;

[0029] FIG. 6 is a schemat side view of the cushioning padelG. 4, through line &;

[0030] FIG. 7 is a top view of another exemplary cushioning pad according to the present

disclosure;

[0031] FIG.8is a perspective view of the cushioning padriss. 7;

[0032] FIG.9is a schematic side view the cushioning pad dflG. 7, through line 8B;

[0033] FIG. 10 is atop view of another exemplary cushioning pad according to the

present disclosure;

[0034] FIG. 11 is a perspective view of the cushioning pa#i&. 10;

[0035] FIG. 12 shows a partial view of a user wegria compression sleeve in which the

cushioning pad ofFIG. 7 has beenintegrated and showing the conformance of the

cushioning pad to the elbow when the elboarisculated and



[0036] FIG. 13 is a front view of a compressiosshirt in which the cushioningaal of

FIG. 7 has been integrated.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0037] The present disclosure is directedato improved conformingcushioning padto

items that includé¢he pads, andto methods of makingnd usinghe pads

[0038] The present pad include cushioning regionsof various shapes, sizes,
configurationsand thicknessesFor ease of discussion, the terms “cushioning region” and
“medallion” will used interchangeably throughout the description. Various materials can be
used for the medadins, as will be described belowrhe medallions are spaced apart by
channels of various depths and configurations, which define the perimeter of the
medallions. Tk upper surface of thenedallions mg include grooves of various depths
and configurationswhich define, in part, the contours of the medallionsn some

instances, aerimeterflange is provided, spaced apart from the perimeter of the pad.

[0039] The combination of themedallions, channelgroovesand flange as well as the
materials from whichthe pads are formediogether providevarious functional
characteristics to thpad. For example, thehannels areleepertthan the grooves, and are
configured to provide unrestricted, frenge of motion in critical areasuch asaround
joints. The growes areshallowerthan the hinges, and providlexibility, while retaining
somecushioningand/or impact resistancéHowever, it should be understood tlhath the

channels and the grooves function as “hinges,” providing the pad with multilevel hinging.

[0040] The presentcushioning padscan beincorporated into clothing, and can be
designed to have specific functional characteristi8sch clothing is unique in itility to
provide mobile protection tareas of the bodthat flex, particularly joints. The padding
can be incorporated infgarments in a unique wasuch thaggarment materialét snugly,

but stretch and conform to the body, or to a specific joint shagseilting in arnintegrated



padding system that protects the wearer from impact betteothar products, because the
pad is in constant andirect contact with the wearer during the full range of mation
Garments incorporating theresent padgrovide improved protectionrdm injury when
worn, becauséhe base of the pad, or the materiamtbich the base of the pad is attached,
can bemaintained irdirectcontact with theaiser’s body during use,when incorporatethto
clothing that stretches and fits snugdych as compression clothinghe flexibility of the
pads allows the pads to conioto a user’s body shape, so that the pad can be maintained

in contact withthe user’s body. That is, without the degree oéXlbility of the present
pads, the pad&ould not be capable of conforming to tbleangingbody contours of the
user while in notion. For ease of discussion, the term “flexible,” as used herein, means

the ability of the pad to move by bending, twisting, flexing and/or stretching, and the like

[0041] By combining specifishapes, sizes, configurations, contours and orientations of
the medallions, hingesgrooves and/or a perimeter flapgéth specific pad and clothing
materials, garments can be designed to maximize a user’s free range of motion, while
protectng specific targetedarea of the body particularly joints. Such garmentsare
aesthetically pleasing, more durableweér in cost, more comfortableand provide

significant range of motion andrgetedaccurateprotection to the body

[0042] Similarly, the present cushioning pads can be incorporated into other items, such
as proéctive cases. For example, the padding can be incorporated into sleeves or cases that
correspond to the shape and size of an electronic device, such as a laptop computer or a
media devicesuch that theyit snugly, but also stretch and conform to theeext of the

case. Cases comprising the present pads provide lightweight, flexible and impaet

resistanprotection.

[0043] Theconstruction of th@resentads and items including such pads provide items
that arerugged,durable and able to withstand tiemperatures, detergents and mechanical
action used in industrialand/or commercialaundering, unlike othepaddedclothing,

which tends to degrade under such harsh conditions.



[0044] FIGS. 1A-1E, andFIGS. 2-3, when taken together, illustrate oe@emplary
cushioning padl00 according to the present disclosuRad 100 has a shape, size and
configuration adapted to the contours of an elbow j@stnoted abovéyut it should be
understood that the pathn comprise any shape, size or configuration as isigaborr
desired for a particular design or applicatigxs shown, pad. 00 comprisesa front surface
10, abacksurfacel2 anda perimeterl4. As shown in crossection inFIGS.2 and 3, pad
100 comprises acushioninglayer 15 disposed betweenptional outer and innerayers
16,17.

[0045] The optional outerlayer 16 can comprise any material capable of providing
sufficient elasticity to prevent tearing and/or stretching when a force is applied thereto;
sufficient structural integrity to be formed into predetiexed shapes; and that is capable of
withstanding the environment in which it is intended to be uged., repetitive
deformations such as twisting, bending, flexing, stretching, and the, hkighout
substantial degradation. Thater layerl6 also carbe selected to facilitate the handling of
layer 15, which cancomprise adhesive characteristics, in some instandéerefore, the
outer layerl6 canbe selected to provide relatively nortacky surface and smoosiurface

to the human touchafter moldiny.

[0046] Outer layerl6 can comprise any thicknesand thethickness can be varied
depending upon the applicatiorThe desired thickness for a particular application can be
determined using routine experimentation by those of ordinary skill in théaiter layer

16 can comprise a thickness ranging from about 0.2 4mithes (hereinafter “mil”) to
about 60 mils, more particularly from about 0.5 mils to about 30 mils, and more
particularly still from about 1.0 mil to about 15 mils.

[0047] In instances in whicthe hanefeel of the products is important, it has been found
desirable to minimize the thickness of the outer layrerefore, in such products it can be
desirable to use the thinnestiter layerpossible without sacrificing durability. For

example, ér applicatios in which a relatively thinouter layerl6 is desirable, it can



comprise a thickness ranging from about 0.2 mil to alBouoril, more particularly from

about 0.5 mil to about 3 mil, and more particularly still from about 0.6 mil to about 2 mi

[0048] In someinstances, it can be desirable to use a thiokeer layerl6, which can
provide increased durability in comparison to thinoeter layes. For example, when the
present materials are used in vibration dampening applications, it canitablde®r the
thickness of theuter layerl6 to be aboub0 to about 60 mil Alternatively, thicker layers
can be desirable when the cushioning layer is tabkgausehe tacky material can be
exposed if th@uter layerl6is punctured, making the procts difficult to handle.

[0049] When the present products are formed using a thermoforming process, it can be
desirable to usensouter layeraving a thickness of up to about ' inch, and even thicker in

some instances when desired or necesshiryas been found that it is possible to maintain
very soft pliability for outer layers having a thickness of as much as 6 mil or more by

applying heaand/or a vacuum during the thermoforming process.

[0050] Outer layerl6 can be applied as a sheet of material during the molding process.
In the form of a sheet, and especially whendhter layeris relatively thin, the material

can be very flexible ahmay wrinkle and/or fold very easily during handlingherefore,

the outer layer16 also can comprise a support layer (not illustrated), which assists in
handling the materialAlternatively, theouter layer may also be applied as a coating of
material dumg or after the molding process, using a variety of techniquesrktomthose

of skill in the art.

[0051] Suitablematerials for the outer layel6 include plastics, elastomeric materials
such as rubberthermoplastic elastomers‘TPE’), ard/or the like, and cobinations
comprising at least one of the foregoing matertaiamples of plastics that can be used for
the outer layer include, but are not limited &shylenevinyl acetate (“EVA”), nylon,
polyester, polyethylene, polyolefin, polyurethanepolyvinyl chloride (‘PVC”),
polystyrenes, polytetrafluoroethylene (“PTFE’), latex rubber, silicone, vinyl, and

combinations thereof.



[0052] Other possible materials for the outer layer 16 include a variety of other
synthetic and/or non-synthetic materials including, but not limited to, paper, fabric,

metal, metallized plastic, plastic film, metal foil, and/or the like, as well as composites

and/or combinations comprising at least one of the foregoing. Other durable materials

can be used for the outer layer including knityem and nonwoven fabrics, leather, vinyl

or any other suitable materiaUse of a fabric layer as outer layis can be advantageous
because it can trap and disperse air bubbles that may otherwise form in or between the

layers, resulting in a better appaace for the final molded products.

[0053] It can be desirable to use materials for the outer layer than are somewhat elastic
therefore,stretchy fabrics, such as spandex fabrics, can be desirable. The use of stretch
fabric as the outer layer can be dededtecause it can improve the flexing of the hinges
and grooves, and the forming of the outer layer into a contoured shape. In some cases,
heating or otherwise forming or pst&retching materials with more limited stretch, can

improve the molding process.

[0054] When outer layell6 comprises a fabric layer, the fabric can be knit, woven; non
woven, synthetic, nesynthetic, and combinations comprising at least one of the foregoing,
and the fabric layer can be laminated to, for example, a TPE fihen the pad
application requires stretch, then use of an outer layer with elongation may be desirable,
and when the outer layer is a laminate, it may be desirable for each layer in the laminate to

elongate.

[0055] As noted above, itan be desirable to use materials fog buter layer than are
somewhat elastjcsuch as the TPE materials mentioned abosach TPE materialsalso

can be desirable bause they are available as films,redatively low thicknesses.Any

film thicknesscan be used provided it is compatible twihe method of molding and
suitable for the intended application, but film thicknesses of between about 1 mil and about
10 mils are desirable. Thicker films are more durable, but thinner films are less expensive,
and may provide a softer feel. There atker reasons to choose thicker films, such as

when thermoforming deeper shapes, as described later herein. While films thinner than 1
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mil or thicker than 10 mils can be used in such applications, it may be desirable to use
thicker films. The use of a m rather than a fabric as the outside layer can make the
product easy to clean and protect the cushioning material from damage arichdiftims

can comprise an elongation of about 100 percent (%) to about 1500 %, more particularly
about 200% to abou00%, and more particularly still about 300% to about 700%”.

[0056] Some possible TPE materials includgyrenic block copolymers, polyolefin
blends, elastomeric alloysthermoplastic polyurethanes, thermoplastic copolygster
thermoplastic polyamidesind corbinations thereof. Examples of commercially available
elastomeric alloys include megitocessable rubbers and thermoplastic vulcanizates.
Examples of suitable TPEs include thermoplastic polyureth&i®$J"). TPU film can be
desirable due to its combiti@n of durability, elasticity, softness and flexibilityOne
suitable film is apolyesterpolyurethane film available from Deerfield Urethane, a Bayer
Material Science Company, under the product name Dureflex PS5468n be desirable

to use goolyeser TPUfilm, rather than a polyether TPU filnbecause¢he polyester TPU
film, in additionto having improved abrasion resistance in comparison to polyether TPU
film, alsoperformsunexpectedly well under high humidity conditions, such as in athletic

clothing and commercial laundering.

[0057] Additionally, pads and garmentanbe manufactured with both fabric and film on
different parts of the pad, allowing for full range of motion and further protection from the
use of both materials. It may be desirable thatouter layer be a composite of a fabric
and film so that the film aids in protecting the hinge during flexing and can also serve as a

protective barriefor the cushioning material.

[0058] Innerlayer17 can comprisehe same materials as the outer lay@r When inner
layer 17 comprises a fabric layer, the fabric can be knit, woven;vimawven, synthetic, non
synthetic, and combinations comprising at least one of the foregoing, and the fabric layer
can be laminated to, for example, a TPE film. When theagpgdication requires stretch,

then use of an inner layer with elongation may be desirable, and when the inner layer is a

laminate, it may be desirable for each layer in the laminate to elongste.ofa fabric
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layer asnner layerl7 can be advantageobecause it can trap and disperse air bubbles that
may otherwise form in or between the layers, resulting in a better appearance for the final

molded products.

[0059] The use of activagentsin one or more ofhe innerlayer, outer layer and/or the
cushioninglayer can be desirable For example, thaddition of a silver or copper based
activeagent can provide the material wahtimicrobial or antifungaproperties. The use
of actives in the inner or outer layer or the foam itself can be desirable, sirehaaklition

of silver or copper based actives to act as an antimicrobial or antifungal agent.

[0060] One or both ofnnerand outer layerd6,17 also can comprise color, graphics
and/or indicia, including text. The color, graphics and/or indicia disposedidnlayers

can be transmitted through other layers when they are formed from colorless and/or
transparent materials, which can be desirable for aesthetic and costs reasons. In addition, if
desired,oneor both of inner and outer layet§,17 alsocan be flid-permeable. “Fluid-
permeable,” as used herein, means that the material from which the layers formed is open

to passage or entrance of a fluid materia

[0061] With continuedreference to FIGS. 1-AE, and FIGS. 3, padl00comprisedeast
one cushioning egion disposedin the upper surfacelQ. In the present exemplary
embodimentpad 100 comprises a central, circularedallion18. A first, upper,crescent
shapedmedallion20 is disposed adjacent,taboveand spaced apart fromedallion18,
and an uppeysemtcircular shapednedallion22 is disposeddjacent tpaboveand spaced
apart from theupper crescent regia20. A secondlower, crescenshapedmedallion24 is
disposed adjacent to, below and spaced apart from the central 18gmppositefrom and
spaced apart from the upper crescent regidn An approximatelytrapezoidalmedallion
26 is disposed adjacent to, below and spaced apart fromother crescenshaped
medallion24; and a second lower, approximatelysemtcircular medallion28 is digposed
adjacent tp below and spaced apart from thgapezoidal region26. Opposing

approximatelytrapedoizalshapedmedalliors 30,32 are disposedn theleft and rightsides
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of the central regior20, adjacent to and spaced apart from dpper and lower rescent

regions20,24.

[0062] As shown best iffIGS. 1C, 2and 3, ach of theforegoingmedalliors 18, 30, 32
comprises an upper surfa@4 and a sidewall36 extending downwardly to thepper
surfacelO of the padl00. The sidewalls36 may be perpendiculdo the upper surfaca,
or have an angled profileslative to the upper surfa@, comng to a point at the bottom
of the hinge or groove. Thuthe hinges and/or groovesay have a savwooth shape or

have angled walls in some embodimemtkich minimzes the exposure of the hinges

[0063] The size, shape, thickness améterial composition of the medallions may be
varied, depending on a number of factors including, but not limited to, desired amount of
flexibility for the pad. In addition, the configurah of the medallions may be varied, and

more than one type of medallion shape may be used in the pads.

[0064] Cushioning layerl5 can comprise one or more layers of any material or
combination of materials having sufficient structural integrity to be forme i
predetermined shapesuch as by moldingand thatare capable of withstanding the

environment in whiclthey arentended to be used, without substantial degradation.

[0065] The materialtype and compositioran be selected to provide articles and/or
regiors of articles with predeterminechaterial characteristicayhich can beused to
customize the pads fapecific applications such asushioning impact resistanceyear
resistance and the like. Examples of suitable materials inclug@lymeric materials,
composite materials, and the lik&xamples of suitable polymeric materials inclutat

are not limited to, thermosetting polymeric materials, elastomeric polymeric materials,
thermoplastic materials, including thermoplastic elastomeric materials, amoinadions
comprising at least one of the foregoing. Some possible polymeric materials include, but
are not limited to, polyurethane, silicone, and/or the like, and combinations comprising at

least one of the foregoing materials.
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[0066] In some instances, itmhay be desirable for thepad to have cushioning
characteristics to provide a soft, pliable and comfortable feel such as when used in contact
with a body. In such instancashas been found that some polymeric gels may be suitable.
One example of a saible polymeric gel is a polyurethane geimprisng a durometer
ranging from about 0.01 Shore 00 to less than or equal to about 70 Shore A, more
particularly less than 70 Shore 00, more particularly still less than 60 Shor&tg®€.
material can comprise dgurometer ranging from about 30 Shore 000 to about 88 Shore D.
The dupmeter of thegpolymercan be determined by those of ordinary skill in the art using
tools such as durometers or penetrometemmation of theyel can take place by a variety

of methods known to those of skill in the art. For example, formation of a polyurethane gel
can comprise reacting suitable grelymeric precursor materials e.g., reacting a polyol and

an isocyanate in theresence of a catalyst.

[0067] In some instances, it may blesirable for the pad to be lightweight, and in such
instances, theushioning material5 may comprise a foam material, such as a low density
foam material. Examples of suitable low density foams include polyester and polyether

polyurethane foams.

[0068] In same instances, it may be desirable tbe pad to be capable of providing
impact resistance. In such instances, various types of impact absorbing materials have been
found suitablefor the cushioning materigparticularly energyabsorbing foamsFor such
applications, itcan be desirable for suébams tohave a density ranging from aboutdb
about35 pounds per cubic foop¢f), more particularly from about 10 to about (3, and

more particularly still from about 15 to about 25 pSuitable rate dedentfoamsare
available fromRogers Corporation under the brand nafP®RONi and PORON XRDi ,

which are open cell, microcellulaplyurethane foams.

[0069] With continued reference to FIGS. 1, and FIGS. -8, cne or morechannels
are defined in theippersurfacel0 to maintain themedalliors 18, 30, 32 in spaced apart
relation As shown in FIG. 2channels38 have a width“W;” defined by the spacing

between the perimeter of adjacemtdalliors, a depth“D;” defined by the spacing between
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the upper surfac84 of the medalliors and the upper surfack) of the padl100, and a
thickness “T;” defined by the combined thicknesses of the inner and outer layers 16,17and

the cushioning material5 disposed between the layerd-or each of discussion, the
“channels” will be referred to hereinafter as hinges throughout the description, without

intending to limit the fact that the grooves also function as hinging elements.

[0070] The widthW; of the hinges can be varied as desired or neealsd can range
from asnarrowasabout 1 mil to about 1000 mils, or morén some instances, it can be
desirable for the width “W;” of the hinges to be as narrow as possible, in order to
maximize the protective features of the medallions, while maintaining the hinging ability of
the pads Such applications would include applications in which maximum protection is
desired, or in which the hinge is intended to wrap around a coridénere impact
protection is desired, the width of the hinges can be designedtarimsverthan the width

of the object which would impact the path such instances, the widi; can range from
about 1 mil to about 10 mils, more particularly from about 3 mils to about 7 mils, and more
particularly still about 5 mils.

[0071] In otherinstancesjn which the protecte features are less importaittcan be
desirable for the width “W;” of the hinges to be much wider,in order to maximize the
aesthetic feature of the hinges, which can be made to contrast in color with the medallions.
In such instances, the widWv; can be in the millimeter or centimeter range, or even

greater, if desired.

[0072] The hinges 38 may be linear channels that are disposed along parallel and/or
intersecting axesas shown irFIG. 1C. As shown in the present embodimehiges 38

may beapproximately aligned along parallel axes “A;” and “A,.” Hinges 38 may also be
curved, as shown by curves “A3z” and “As” The depth of thehinges between the
medallions may be the same or different, and the depth may vary alohingiee Both
curved and lineahinges may be used in combination in the pads,in the present
embodimentand mayinclude a combination afurved and lineahninged areas
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[0073] As shown best in FIG. 1Bnaoptionalperimeterflange 40 (hereinafter “flange™)
may bedefined in the upper swfel0 to maintain the medallions in spaced apart related
from the perimeter of the padn the present embodimentetoptionalperimeterflange40
has a width“W,” defined by the spacing between tperimeter of the outermost
medalliors and theperimete 14 of the padl00. Thewidth W of the perimeter flang&l0
may vary, as desd. As will be described in greater detail beldhe perimeter flangetO
is thinner than the medallionallowing the padto beattached tatems such as clothing
along the lange area using a variety of techniquasch as by sewingluing, bonding, and
the like When integrated withfor example, a&ompression sleey¢he pad can be sewn
glued or otherwise attached to the outside of the sleeve fabrigar be sewn aattached
to the interior surface of the sleeve, argposed through eorrespondingpening in the

sleeve.

[0074] Optionally, theupper surfaceg84 of the medallionsmay be contoured using
variety of geometries, including planaurfaces, curvedurfaces and combinations of
planar and curved surface®\s shown inFIG. 3, in the present embodimerihe upper
surface34 of medallion26 comprisa a planarportion 34a lying in a plane“P,” that is
approximatelyparallel toa plane “P,,” P, beingco-planar withthe upper surfacd0 of pad
100. The upper surfacg4 of medallion26 also comprisesnother portior84b lying in a
planeP; thatintersecs planes P, andP,. Thethickness oportion 34b generally decreas
radially toward the perimeter of thmedallion26. Alternatively, the upper surfa@t of a
medallionmay comprise a surface thiatdefined by a thickness that generally decreases

radially toward the perimeter ¢iemedallion or toward the perimeter of tipad.

[0075] As shown best iFIGS. 1C and 3, ptionally, one or more grooved42 may be
formed in the upper surfac® of the medalliors. Like the hinges 38, the graves 42
increase the flexibility of thg@ad, and as the thickness of #eshioninglayer 15 in the
grooves4?2 is decreased, the flexiliji of the groovet2, and padlOQ increases. The
width, depth, orientation and position of tgeooves42 in the upper surface®4 of the
medallionsmay be varied,depending on a number of factors including, but not limited to,

thedesired direction andmount of flexibility and the like.
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[0076] Like hinges 38, thegrooves42 may be curved grooves, or linear grooves that are
disposed along parallel and/or intersecting axBeth curved and linear grooves may be
used in combination, and the grooves nmaglude both curved and linearegions As
shown inFIG. 1E, in the present embodimere left trapezoidainedallion30 comprises a
first linear groove42x havingan axis “A,” that intersed the centermedallion18 and a
second a linear groow2y having a axis “As” that intersects with axisA4. As shown,
both axes interse@pproximatelyat the center of centenedallion18 and extend radially
from the centemedallion18 toward the perimetet4 of the padl100, but it should be
understood that its notnecessary for the axes of the grooves to intersect at the center of
the pad. Similarly, adjacentmedallion20 comprises ahird linear grove42zhaving an axis
“Ag” that intersects with axes As and As. The thickness of thegroovesin a pad or in a
medallon maybe the same datifferent,and thethicknessmay varyalong theaxisor length

of the grooveand from groove to groove

[0077] FIGS. 46, when taken together, illustratactherembodiment of aexemplary
cushioning pa®00 according to the present dissure. Pad200 has a similar structure to
pad 100, comprising a front surfackQ, a back surfac&2 and an outer edge/perimetst,
with a cushioning layel5 disposed between optional outer and inner lagérs7. Pad
200 compriseghe same medallioras in padlO0. Optionally, one or more groove® may

be formed in the upper surfadd of the medallions

[0078] Also as in the previous embodimeihinges38 are defined ipad200, to maintain
the medallions in spaced apart relatiand to provide flexibity to the pad The hinges38
have a width “W;” defined by the spacing between the perimeter of adjacent medallions,
and a depth “D1” defined by the spacing between the upper surface 34 of the medallions the
upper surfacd0 of the pad200, and a thicknesS$T,” defined by the combined thicknesses
of the inner and outer layei$,17and the cushioning materidb, if any, disposed between

the layers.
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[0079] Pad200also comprises an additiona¢rimeterchannel50, which corresponds to
the shape of the perimetef thhe pad Like hinge 38, perimeterchannel50 hasa width
“W7” defined by the spacing between the perimeter of adjacent medallions and perimeter
flange 40, a depth “D;” defined by the spacing between the upper surface 34 of the
medallions and the uppeursace 10 of the pad20Q and a thickness “T,” defined by the
combined thicknesses of the inner and outer laj@ys7and the cushioning materiab, if

any,disposed between the layers.

[0080] In the present embodiment, thigickness of thecushioning layerl5 disposed
between the upper and lower layet6,17 in hinges 38,50 is minimized during the
manufacturing processuch thaits thickness approache®roin the hinges38,50 As a
result,the cushioningnaterialin the hinges 38,50may not be visible tohe naked eye, or

only detectable usingery sensitiveghickness gauges.

[0081] The residual cushioning materidmainng in between layerd 6,17 assists in
bondinglayers16,17togetherin the hinges38,50 Depending on the materials used, the
bonding betweenayers 16,17 may be at least partially a chemical, thermal and/or
mechanical bond. For example, if the material used as the cushioning layer is a resin, the
residual resin in thhinges 38,50can function as aadhesiveo bond layerd 6,17together.

Useof the resin as a bonding agent is advantageous, because it eliminates the need for a
separate adhesive in the very thin hinge areas, and it keeps the bond consistent and equally

flexible throughout pad, thereby enhancing the durability of the pad.

[0082] Alternatively, if a fabric is usedas one of layerd6,17 the bond between the
layers in the hinges may be at least partially mechanical, as a result of the resin being
squeezed intopening omoresin the fabric, such that portions of layd§,17bond dumg
manufacturingresulting in“islands” of bonded layers 15,16,17disposed betweeislands

of bonded layer46,17

[0083] By minimizing or eliminating thecushioninglayer 15 in hinges 38,50, the
flexibility of the hingesis maximized,such that theentirepad200is capable of bending
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flexing, folding and twisting in a variety of direction. For examplagd 200 bending or
flexing along the hinge88,50 by as much as 180 degreesha direction of arrow “A,” as
shown IinFIG. 5. In the opposite directionB,” the flexibility is limited only by the
thickness and spacing of the medallions.

[0084] In the present embodiment, the presence of the continuous bond between the inner
and outer layersl6,17 in the hinges38,50 is advantageous because it “locks” the
medallims in place, minimizing or preventing tlegress of cushioning material from the

pad or, alternatively, minimizing or preventing the ingress of materials, such asifitids,

the pads. Therefore, the hing88,50 stabilize the pads, particularly th®ushoning
material, such that fluids and other materials are not able to penetrate the pad, which might
otherwise lead to delamination.

[0085] Another exemplary cushioning p&D0 according to the present disclosure is
illustrated inFIGS.7-9, when taken togethePad300is similar in construction to paz00,
and additionally comprises lange 60 disposed between medallioB2ap. Like hinges
3850, the addition of hing®&0 increases theapability of pad300to bend flex, fold and

twist in a variety of directins.

[0086] Another exemplary cushioning patd0 according to the present disclosure is
illustrated inFIGS. 10-11, when taken together. P4Q0 is similar in construction to pad
300, and additionally comprises two concentriinges 38ab, defining concentric
medallions 18b,c disposed around a center medallib8a. Like hinges3850,60, the
addition of concentric hinge38ab increases the capability of p&@30to bend flex, fold

and twist in a variety of directionparticularly in the elbow joint region.

[0087] The size, shape, configuration, orientation and dimensions of the pad, medallions,
medallion contours, hinges, grooves and flange may be varied as desired in order to
achieve the desired characteristics for the pad deddnof the foregoingfeatures alone

or in combination, are designed to facilitate fitexibility of the pad either inwardly or

outwardly to conform to auser’s body during movement. However, it should be
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understood that irach of the foregoing embodimenéd in any pad according tbe
present disclosure, all of the foregoing measurements can vary depending on the desired
characteristics and design of the pad. For exantpéepads are designed fwovide a
variety of characteristics such as, but not limited dashioning vibration dampening
and/or impact absorptigrand the like The characteristics of the panay be varied by
changing the thickness and/or material typeco$hioninglayer 15 in the medallions,
changing the spacing between the medallions (i.e., the width ohitiges), and/or
changing the contours of the medalliprsd the like For exampleusing a gel for
cushioning layer 15 provides a pad with cushioning and vibration dampening
characteristics; using a foam decreases the weight of the pad; using a raidedepe
impact absorbing foam increases the impact absorption of the pad; etc. In general,
increasing the thickness tife cushioningayer15in the medallions generally increases the
foregoing characteristics; and using a combination of materialsi$ianing layed 5 may

provide a combination of characteristics.

[0088] In each of the foregoing embodiments, and in any pad according to the present
disclosure, the hinges are designed provide flexibility to the pad in targeted areas in which
flexibility is desired or needed. Using curved, parallel and/or intersecting hinges allows the
flexibility of the pad to be tailored to specific functions, such as protecting joints during
motion. The width, depth, orientation and position of the hinges may vary, degpemda
number of factors including, but not limited to, the desired amount and location of

flexibility for the pad.

[0089] The flexibility of the hinges can be varied, by varying the thickness of the material
in the hinge regions. For examphigcreasing théhicknessof the material in the hinges
increases the flexibility of the padnd increasing thihickness othe material in the hinge
regions decreases the flexibility. #mmeembodiments that includene or both of the
inner and outer layer$6,17, it is possible to “squeeze” the cushioning layer 15 in the
hinges to minimize or eliminate theamount of material in the hinge region. In such
embodimentsmaximum flexibility can be achieve@hen the thickness of thmushioning

layer15 approaches zero the hinges, or when the pad is molded withauishioningayer
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15in the hinges38. For example, when using inner and outer lay€rd 7with thicknesses

of about 4 mils, it is possible to achieve hinge thicknesses approaching 8 mils, or
approaching theambined thickness of the inner and outer layidl7 by removing as
much cushioning materigl5 from the hinge area, as is possible during the molding

process.

[0090] Thus, maximum protection may be achieved usinginrge depthof less than
about 20 % of thenedallion thickness, more particularly less than about 10 % of the
medallion thickness, and more particularly still less than about 5 % of the medallion
thickness Successful parthave been made withingedepths of 020”, 0.040” and up to
0.080”.

[0091] Whenthe pads are molded with a front layer, a back layer, or both lapers,
maximum pad flexibility may be achieved when the hinge thicknegsproximately
corresponds to the combined thickness of the (gyether than layed5, or when the

thickness of th cushioningayer 15 approaches zero.

[0092] Deep hinges can also have some foam thickness, angretiltle great mobility.
As notedbelow one feature of the present protective pads is that the outer and/or inner
layers can protect theushioninglayer from breaking at theelatively thin hinge regions
duringrepetitiveflexing, so the foam thickness is not limited the foam flex strengthas

long as the foam is bonded to either or botler and outelayers.

[0093] In each of the foregoing embodiments, andcany pad according to the present
disclosure, theavidth of the hinges, ospacing between thmedallions,is designed allow

the pad to bend as much as possible, while still retaining the protective characteristics of
the medallions.Therefore, the spawg between the medallions can be determined by the
amount of distance needed to have a flexible hinge, without exposing too much space
between the medallions, such that injuries would occur when the gap between the
medallions is impacted. Thusiaximum potection may be achieved usinghimge width

of less tharabout20% of themedallon thickness, more particulargss tharabout10% of
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the medallion thicknessand more particularly still less than about 5% of the medallion
thickness As notedabove the use of angled or sawwothed shaped hingesdbr grooves

(not illustrated)can alsaeducethe amount of exposed unprotected surface.

[0094] In each of the foregoing embodiments, and in any pad according to the present
disclosure, the groover are designedllow the pad to bend in targeted areas. The width,
depth, orientation and position of the groo¥@smay vary, again depending on a number

of factors including, but not limited téhe desired amount of bending for the paald/or
medallion in which the mpove is formed Thegrooves4?2 are designed to biicker than

the hinge areadut thinner than thanedalliors, at the thickest point dhe medalliors.

Thus, groove thickness maange from about 10 percent (%) to 95% of the medallion
thickness, abou20% to about 75% of the medallion thickness, and more particularly still

about 50% of the medallion thickness

[0095] As noted above, theuterandinner layers16,17 are optional, but they may be
desirable for many reasgnzarticularly when the cushioning kyl5is a cellular material,

and/or is a material that does not easily retain its shape

[0096] For example,n the embodiments described above, bothotiterandinnerlayers
16,17 are continuouslybonded tocushioninglayer 15 across the entirpads, inclding in
the hinges. Depending on the construction of the pad, dnéer and innefayers may be
bonded tacushioninglayer 15, or they may be bonded to each other, when the amount of
material in thehinges is minimized or eliminated.One significant advatage ofbonding
the front layer to cushioninglayer 15 is to provide a continuous, uninterrupted surface
above and belowushioninglayer15i.e., to encapsulateushioninglayer 15, other than at
the perimeter of the padl'he continuous upper and lowlayersstrengthen the hinge and
groove areas, minimizing breakage thre hinges and/or grooves, which may otherwise
occur due to the flexing of the pad during ,ubecause the hinges and/or grooees
thinner than the medallionsAt least one bonded layenay beusedfor the protection of
the thinhingeareas during flexing. A thermoplastigoolyurethane filmpwhen used as the

outerlayer 16, is particularly good at preventing cracking or breaking of ldyeém the
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hinges or grooves. The inner layer caalso provide strength to the hinges or grooves if
bonded to the foapor in many embodimentboth inner and outer layers are bonded to the
foam. In cases where the hinge thickness is verydepeciallywith little or nofilm in the
hinge bothinner and outer bondethyers are desirable to maintathe structural integrity

of the pads It is desirable to use a material wislubstantial elasticityor the inner and
outer layers, such afPE films, spandexXabrics and the like.In some embodimentshe

use of a fabric with a laminated film backinty bedesirable as an inside or outside layer.
An inner layer that is a laminate of a fabric and a film, such as a polyurethane film

laminate, can be very desirable foaximizingthedurability of the hings

[0097] As described aboveanother aspect of th@esentdisclosure is the integration of

the abovelescribed pad into garmentparticularly compression garments, protect
specific areas of the body. When one of the foregoing pads is integrated intpr@ssion

sleeve or garment that is tightly fitting to the wearer, the hinged and/or grooved multilayer
pad structure is sewn, adhered or otherwise attached to a spandex fabric or otherwise
stretchable material in such a way that the hinged pads arenHeluni fitting contact with

the area to be protected. The pad can be sewn to the inside or outside of a garment. It may
be desirable to have the pad coegly a portion othe full circumference of the slegvao

that the sleeve can still stretch sigraintly to fit the wearer. The integration of the
uniquely hinged protective pad with the compression garment offers particular synergies by
creating a simple way to add a significant impact absorbing pad to specific body areas,

without altering the entir garment.

[0098] FIG. 12 shows a compression sleeb@0 comprising a cushioning pad00q,
attached to the bod¥4 of the sleevé&00. As shown, the pa800is attached to the sleeve
500 by stitching theperimeter flang&0 to the body64 of the sleevé00, sud thatin use,
the position of thecenter medalliorl8 corresponds to theser’s elbow. In use, when the
user’s arm is bent, the combination of the flexibléinges 38 and grooveg2 allow the pad
to conform to the bent configuration of the user’s arm, while maintaining the position of

centermedallionl8relative to theelbow
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[0099] When the pads integrated with a compression slees@me unique properties and
advantagesare providedin comparison to other methods of protecting moving joints.
When integratd into a compression sleeve, the pad can be in continuous intimate contact
with the joint to be protected, which may be desirable when protecting flexible joints such
as knees, elbows, shoulders and ankles, because properly designed hinges allow the
protective sleeves to naturally remain in the correct position and orientation. When hinges
are properly designed, the protective compression sleeve moves as one with ,the arm
allowing much wider range of motion than traditional padding.

[00100] Also, with the protetive sleeve in intimate contact with the joint and skin, there is

no additional impact caused by the pad hitting the skin or joint after impact from an outside
object. Stiffer pads may not lmapable of being iontinuous contact with the specific

body aea or joint because they are not flexible or fofitting. If not form-fitted, the pads

may become part of the impact that injures the wedpads ina sleeveconfiguration are
uniquely better able to protect a moving joimecause¢hey can wrap arowd a wide radius

and in somanstancegrovide 360 degrees of protection by wrapping the entire joint. In
general, it is desirable to leave some area of the compression sleeve without the additional

padding layersto allow the sleeve to stretch and comf better to the arm.

[00101] FIG. 13 shows a compression si6A0comprising a cushioning pa&00, attached
to the body80 of the shirt600. As shown, the paB00 is attached to the shif00 by
stitching theperimeter flangelO to the body80 of the shirt500, such that theosition of
the center medallionl8 corresponds to the center of the user’s chest. In use, the
combination of the flexible hinge&8 and groovegl2 allow the pad300to conform to the
user’s chest region, maintaining the pad 300 in close proximity to the user body, thereby
maximizing the impaeabsorption capability of the pa&00when the user is subject to an

impact in the chest region.

[00102] The garmentscan also be made from a wicking fabric that is designed to move

moisture away fromhe skin layer.

24



[00103] The present pads also may lkesigned toenhance air and/or moisture
transmission, without significantly compromising protectiaich is not an option with

other protective padding. The hinges, grooves and/or medallions may comprise
perforations(not illustrated) which enhances moisture or air transmission rates. The use of
a wicking fabric asthe inner layeror in combination with a TPE film layer as the inner
layer,can enhance comfort as well and wick moisture through the hinges, the use of

a high moisture vapor transmissive (“MVT”) film layer can further enhance comfort. Such

films can function by chemical absorption/desorption. Examples of such films are
available under the product name Sympatex, or TX1540 from Omnifldxe uBe of
microporous high MVT films such as Goretex or Porelle (by Porvair) can also be used, or

other similar films.

[00104] In some embodiments, the pads may be formed such that the foam has a generally
uniform density throughout the pad. Specifically, ame instances it may be desirable not

to compress the foam in the grooves or hinges during molding or forming, because the
compression increases the density of the foam, which tends to reduce the range of motion
and provide nowuniform padding level®y eiminating foam The contoured medallions

and variations in foam thickness not only provide an aesthetically pleasing pad, but they
also provide maximal protection where protection is most needed, and less protection
where less is needed. By using unifdoam density and varying thickness where needed,

the weight of the pad is reduced, and the range of motion is increased. Using
thermoforming or compression to take foam and compress areas to shape may increase
density in those areas and create additiovieight, uneven protection and less range of

motion.

[00105] The present pads may be manufactured using techniques disclosed Hatdr8.
No. 7,827,704 and U.Rublication NosUS 2008/003614 andUS 2009/0255625which
areincorporated herein by referengetheir entirety The molds for the present pads are
designed to alloviayers15,16,17to be compressetgether under conditions sufficient to

minimize or eliminate the foam in the hing88,5060, for certain embodiments of the
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pads,while allowing the Igers to bond togethewhich may bea chemicalthermaland/or

mechanicabond

[00106] The padconstructionwith inner and outefilm layers, allow the manufacturer to

make the gaps between sections of the pad smaller, because it is not necessary to use fabric
to locate and position the pad. It also allows the manufacturer to angle and shape these
grooves and hinges in the most appropriate way to cover and protect the wearer fully while
stretching, fitting, and remaining in place during the activity.

[00107] The alility to create an exposed protective foam ;aaccontrast to a pad enclosed

in a pocketenclosed in fabric or flexible film provides a unique and critical ability to offer
protection for individuals wearing supportive or corrective brasash asknee braces,

ankle supportsback supportsand the like Thus, thepads can be attached or adhered to
mechanical supports farotectadaptive mobility athletes from themselves and from other
athletes with similar braces. Similarlthe design of pads accongdi to the present
disclosure can be customized aadherd to braces worn by conventionally mobile
athletes. This provides protection to both the wearer of the brace but also other athletes
who come in contact with the corrective brace. @xample of sch a brace is thpadding

on knee bracessedin professional football.

[00108] The present pads can also be usedskim guards worn by youth, adult and
professional soccer players.The properties ofimpact absorbingfoam padding in
combination with form fittig garments provides unique and highly accurate protection of
targeted body partsTherefore one embodiment of this disclosure is flexible, fefitting
breathable shin and ankle guards for soccer players. Significandl, shin and ankle
guardsprovide more protection tsoccer playeydue to thecloser fit of the foam, more
comfort from the wicking materials, venting and perforation used in construction, and a
more durable product than, for example, {boeathable, hard plastic pad held in place with

straps or friction of thaser’s sock.
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[00109] The foam padding and other layers as noted earlier can be designed with
perforations either throughout the mater@ within the groove or hinge areasithout
significant deterioration of the protection. The fdbat all layers of the pad are
continuouslybonded togetherin some embodiments, allewthe transpiration of water
vapor to pass more easily through-pstablished pathways. Once the moisture is wicked
into the fabric layer, it can be channeled oubtiygh the pads because the surfaces are
bonded. This is an important distinction from otpads which have one or more of the

layers free floatingmakingthem more uncomfortable to wear.

[00110] Pads comprising continuousner andouterlayers that are bonddd cushioning
layer15in the medallions, hinges and grooves, provide faege of motion and durable
pad because it allows the pad to flex and hinge along with the specific area of the body
without degadation The fact that the paldas acontinuousnner surfaceouter surface or
both, maintains the orientation and position of thieges, as well as the spacingrhe
present pads afe contrat to pads and garments which foam has been ¢igcored or
molded in separate piecas form the hingeswhich can allow too much stretch between
the pads and allow injuryo the user. The present protective pads allow the fixed
orientation of the pads. This feature may lbss desirablefor application in which
significantly moving joint areaare not bag protectedand are just making generalized
shirt or pant padding.

[00111] The integration of the pad inta compression or fordfitting garment allows
protection to specific areas of the body including jqitie protection is rnojust from

outside impact.Use of such compression or foiffitting garmentswith the present pads
keeps the pad from separating from the skin prior to impétich may causeecondary

impact to the body.

[00112] In certain embodimentshé fact that the outside surface (fabric or film)iis
some embodiments) the actual outside surface of the garment or, seeameimportant
distinction. Pads that have unbonded fabric or other covering sewn across the outside

covering the paddingllow slippage of the outer layer across the paddmgnpactwhich
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affects the precision of the impact protectionWhen wearing the current garmentise
wearer has the pad on the exterior of a féitted garment,and enjoys more accurate
protection of the specific body area or joint. Having the exgboseer layer of the present
disclosure pad as the outside layer of the garment or sleeve (as sHa®®irl2 and 13
also allowsimproved moisture or air flow managemenwhich is superior to cut foam
pieces with any form of loose cover. Precision @iannels and perforations in some
embodiments allows less heat and moisture kluyld In addition, embodiments with the
outside surface of the pad exposed allow for the inside of a form fitting garment to lie flat
against the user’s skin, as the inside surface of the pad can generally be flat. When
attached to the outside of an elastic fabiie user can have an uninterrupted layer of
elastic fabric or other material against the skin. This altv pad to closely hug the skin
surface and alsoto have a more searfree interior surfacavhich isless likely to cause

abrasions or irritations to the skin.

[00113] Use of the pads exposed on the surface also provides for more ability to make
hinges or grooves tighter and/or smaller because aromdexternal mafrial could
otherwise block proper hinging by filling in éhhingespaces andnterfering with the
movement of the hingesThegrooves and hingesan also b angled and shap&uspecific
designs to cover and protect the subject more precigélg creabn of specific and more
aerodynamic shape&sn also be maden the garment surfaaesing the present pad3he
aerodynamic surfageombined with protectigrcan be an advantage in sports such as ski
racing in whichthe wearer would be protectddr example from impacts with gateshile

having enhanced lower wind resistanceOther sports can benefit frommproved
aerodynamicssuch as bike racing

[00114] Use of thepresentimpact absorbingpads, when exposed on the surface of a
garment, allows the impaabsorbing foam to react fastbecause there are no unnecessary
layer(s) between the foam and impact. This can be a desirable feature when using “rate
dependentimpact absorbing foams, suchasPoron XRD or other such materials. These

materials stifferon impact, and the use on the exposed surface with only a single layer of
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bonded film or other material between fqasndthe object impacting the pad allows the

foamsto react better anthore quickly

[00115] In some embodimentthe use of film particularlypolyester polurethane filmas

the outside layer o& pad attached to sleeve or garmentreates a durable and more
cleanable pad system. The extesarface with the film exposedcan be both durable and

dirt resistant. Fabric astap layer, whdiersewn or otherwisattachedcan rip and tear or

get dirty, and in these complex garmemtsn be difficult to clean.Fabricand/or filmthat

is continuouslybonded asn inner or outer layer, either together in the hinge areas, or to
the cushioning ntarial in the medallionswould be more durable than unbonded sewn
fabric used in many pads whicha torn outer garment exposes the pad meant to protect
the wearer to dislocation or removal from the garment. In the embodiments of the present
disclosurethat usea fabric layer as theinner orouterlayer, a film layer inside the fabric

can also minimize and/@revent dirt or liquid from infiltratingr penetratinghe foam.

[00116] The fact that the pads in many embodiments are molded with uniform density of
foam paddindi.e., not higher densitycompressed foajrallows more precise design of the

protection and greater range of motion than varied densities caused by compression.

[00117] The present pads, clothing and methods of manufaciteealvantageous for
many easons. For example,single continuous pad with many elements provides an
economic advantage over traditional pad construction techniques, by eliminating labor
intensive cutting, scoring or thermoforming that may otherwise be required for end garment

construction.

[00118] The use of bonded hinges that approach zero thicknessghioninglayer 15 is

very unique. In such near zero thickness hinge areas, the top surface of the outer layer is
still bonded to the inner layer throughout the hinge that can alawatically improved

range of motion in specific, selected areas. As noted, hinge areas can be anywhere from
near zero thickness (less th@f01” (1 mil) of foam) or much higher, provided that they

are less than the thicker areago$hioning material Some embodiments have hinge areas

29



near zero while others are@010” (10 mils), 0020” (20 mils)or even0.080” (80 mils)or
0.120” (120 mils) The combination of both hinge and groove areas in multiple
orientations allows the formation of pads thambine the full range of motion where
needed, but protective padding in other areas where less flex is required.

[00119] The use of a bondedhner layer with elasticity and a bondemter layer with
elasticity is alsodesirable in embodiments where stretch isirdds such as when the
cushioning pad is attached to a stretch garment.

[00120] Where neathethicknessof thehinge areaspproaches zeroy in thin hinge areas
(less tharD.100” (1 mil) foam), the fact that the entire pad has a continlyohendedinner

or outer layer(or both) maintaia spacing angreventsseparation of an unprotected area.
This is in contrast to pads in whiskeparate cut pieces are used to create thebpaduse
the cut pieces can separate under duress and dhewuser to be exposedidapossibly

injured

[00121] In some embodiments, the use of narrow hinge spacing has proved desirable to
prevent exposed areas when the joint is flexed in certain ways. The present disclosure
allowsvery narrowhinges, or very narrovgpacingbetween medallionsyithout the danger

of the hingeseparatig during use.

[00122] Some embodimentsvhich are designed for joints, comprise a central medallion
(e.g.,center circulammedallion, bullseye medallionpolygoral medallion, and the like),

that is surrounded by concentthinges. The center medallion can be used to properly
locate and position the pad, such that the central medallion is located over the joint (e.g.,

elbow bone).
[00123] The flexible nature, durability and dufim layer construction of the protective

paddingis suited to providing protection todividuals that weasupportive and corrective

braces, including but not limited to knee braces, ankle braces and back supports.
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[00124] The use of multiple levels of hinges and grooves in multiple orientations in some

embodments s both desirable and unique.

[00125] The presentpads can be manufactured to provide better protection to specific
body areas while being lighieight,which isa significant advantage to athletes and active

individuals.

[00126] One advantage of the present pctitee pads is that an entire flexing region can

be protected by one large pad or several large pads designed specifically for a certain part
of the body, rather than smaller cut pads or strips that is sewn into a garment. The
integrated large pad is bothore economicalandalso prevents shifting of the cut or strips

of pads that would cause gaps in protection. In addition to providing better and more
accurate protection than current products, the present protective pads allow the entire
durable pad to & exposed, which can be both an aesthetic advantage and weight savings,
and can make the pad more comfortable with better moisture or air transmigyon.
exposed, it is meant that it is not necessary to put the pads in pockets, or to sew the pads
into packets, where they would remain loose in the pocket. Instead, the present pads are

attached directly to an underlying material by sewing.

[00127] Those of ordinary skill in the art will recognize that other methods of attachment
may be used, but it has beenrduhat sewing provides certain advantagkescontrast to

heat sealing or welding, it has been found getingthe cushioning pads in place along

the perimeterflange prevents or minimizes the pads from separating from the garment,
which is advantagesuin comparison to pads that are loose within the garment (i.e., held
loosely in pockets designed to contain the pads), or that are attached by welding, heat

sealing, and the like.

[00128] In addition,exceptionally durableushioningpadscan be made accordirig the
present disclosuregcomprising inner and outer film layers, with cushioning material
between the film layers, defined by hinges with a “near zero” thickness of cushioning

material between the inner and outer layers, and that terminate at thedggewith the
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combination of a neazeroperimeter hingedjacent ta perimeter flangaith a relatively

low thickness of cushioning material disposed between the inner and outer |ayers
foregoing pads arexceptionadurable and can withstand repteal commercialaundering.

In such pads, when incorporated into garments, it is theorized th#titheess of the
perimeterflange (e.g., about 20 mils) providassturdiemregion for stitching, which would
otherwisewould fray and ripwithout the cushining materiaif unsupported by th&0 mil
perimeterflange. Moreover, the perimeter flangekes a more attractiy@oduct, with a
softer edgehan is possible by terminating with the film at the perimeter of the cushioning
pad

[00129] It is also thought @t the nearero hinges throughout the pad allow the pad
contribute to the durability of the pad during the washing cycle, betaefsam material
in the hingesis so thin that a cellular structur@o longer exists Thus, thestitched
perimeter flanggrevents or minimizes the pdibm lifting off in repeated washing.e.,

locking down the perimetef the cushioning pad

[00130] In addition, the continuous bonding of the inner and outer films either to the
cushioning material in the medallion regions, @retich other in the hinges, prevents or
minimizes the chance of fluid or other materials from getting into the pad, and of the
cushioning material from escaping from the pads. In combination, both features enhance
the durability of themany pads in rigorous conditions,eliminating or preventing
completely the delamination of layers, as occurs in other prodiicts.thought that the
perimeter flange and adjacent near zero hinge prevent or minimize fluid and/or particulates
from infiltrating the padbeyad the perimeteflange, because the foam has been removed
almost completely from the hinge area, and withouttikilar structuref the foam in the

hinge area, fluid and/or particulates cannot migrate past the perittaeige. Therefore,

the perimete hinge acts as a buffer to the infiltration of fluid and/or particulates into the
pad.

[00131] Similarly, the “network’ of hinges throughout the cushioning pads, particularly

when the hinges are “near zero” hinges, further improves the durability of the pads,
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because eliminating and/or minimizing the foam, or other cushioning material in the hinge
area,increases the bond strength in the hinges. The bond strength is increased in the hinge
area because the remaining cushioning material in the hinge areasfisiém to support

the foamstructure(in the case of a foam). If foam remains in the hinges, the bond strength
may be limited to thédoam tear strength. Thus, when thékness of the foam, or other
cushioning material, is minimizedhe bond irthe hinges increasefecause there are no

thin foam cell walls to tearThat is,without a cellular foam structura the hinges, there is

no space forfluid and/or particulat@enetratiorbeyond the perimeter flangés a resultif

a single medallion orihge is damaged orcompromiseddamage to the entire pad is
minimized or compartmentalizedecause the damage may extend only to the adjacent pad

and/or hinge.

[00132] Anotheradvantage of the presgmadsis thatthe combination ofleep hingsand

less deemyrooves or multilevel hinging, provides protectivegarments withmproved
protection while maintaining asignificant range of motion in the protected area. The use
of connected top, bottom or badwyersallows for the more precise use of the hingad
grooves and keeps the individuahedallionsfrom moving relative to one anothern
addition, the integration with stretchable fofiting garment material results in significant
wrapping of the protected area and keeps the exterior pad in comstinaotact with the

specific area of the body.

EXAMPLE 1
[00133] A cushioningpad was molded to form an elbow pad according to design shown in
FIG. 1. The materials used were PORON d¢oishioninglayer 15 (bright yellow color) a
stretchable fabrigblack) for inner layer 17 having a thickness of abod® mils, and a
transparenipolyurethane TPE film layet6 having a thickness of abodt mils. After
molding, measurements of combined thickness in eses8on were taken, as shown
below in Table A.

TABLE A

Locaion Thickness
thousands of an inch (mils)
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Center Medallion 18 0.250” (250 mils)
Right Side Medallion 32 0.250” (250 mils)
Channels/Hinges 38 0.040” (40 mils)
Groove 42 (thinnest region 0.129” (129 mils)
Groove 42 (thickest region 0.141” (141 mils)
Perimeter flangd0 0.040 (40 mils)

[00134] In this example, thenold was not designed tmmpres the layers during molding
so as to remove the foam from the hinge aveaisual inspection of the pad shows that the
front of the pad is uniformly bright yeNoin color, as would be expected if foam remained
in the hinge area. The resulting hinges wikneble, but not so much as to be “floppy.”

EXAMPLE 2
[00135] A cushioningpadwas moldedo form an elbow pad according to design shown in
FIG. 7, using the same negitals used in Example 1. After molding, measurements of

combinedthicknesdn crosssection were taken, as shown below in Table B.

TABLE B
Location Thickness
thousands of an inch (mils)
Center Medallion 18 0.250” (250 mils)
Right Side Medallion 32 0.250’ (250 mils)
Groove 42 (thinnest region) 0.129” (129 mil)
Groove 42 (thickest region) 0.141” (141 mils)
Hinges 38, 50 0.023’ (23 mils)
Perimeter flangd0 0.040’ (40 mils)

[00136] In this example, thenold was designed toompres the material in the hge
regions during moldingo as tceliminate or minimizehe amount offoam (in cushioning
layer 15) from the hinge area A visual inspection of the pad shows that the medallions

and flange were uniformly bright yellow in color, as would be expectémhih remained
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in those areas, whereas the hinges were uniformly black, as would be expected if as much
foam as possible was removed or squeezed from the hinge areas during manufacture. The
resulting hinges were extremeflexible, so much so that the pachs “floppy” at the

hinges, and foldable by about 180 degrees at the hingesgeneral there are many
important distinctions between the present disclosure and any prior art, but some of the

important ones are as follows:

[00137] It should be noted that the mes "first,” "second,” and the like herein do not
denote any order or importance, but rather are used to distinguish one element from
another, and the terms "a" and "an" herein do not denote a limitation of quantity, but rather
denote the presence of atdeane of the referenced items. Similarly, it is noted that the
terms "bottom" and "top" are used herein, unless otherwise noted, merely for convenience
of description, and are not limited to any one position or spatial orientation. In addition, the
modifier "about" used in connection with a quantity is inclusive of the stated value and has
the meaning dictated by the context (e.g., includes the degree of error associated with

measurement of the particular quantity).

[00138] Compounds are described herein usstandard nomenclature. For example, any
position not substituted by an indicated group is understood to have its valency filled by a

(T3]

bond as indicated, or a hydrogen atom A dash (“-*) that is not between two letters or
symbols is used to indicate a pbof attachment for a substituent. For exampleHO is
attached through the carbon of the carbonyl group. Unless defined otherwise herein, all
percentages herein mean weight percent ("wt.%"). Furthermore, all ranges disclosed herein
are inclusive ang@ombinable (e.g., ranges of "up to about 25 weight percent (wt.%), with
about 5 wt.% to about 20 wt.% desired, and about 10 wt.% to about 15 wt.% more desired,"
are inclusive of the endpoints and all intermediate values of the ranges, e.g., "about 5 wt.%
to about 25 wt.%, about 5 wt.% to about 15 wt.%", etc.). The notation “+/-10% means that

the indicated measurement may be from an amount that is minus 10% to an amount that is

plus 10% of the stated value.
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[00139] Finally, unless defined otherwise, technical aodentific terms used herein have
the same meaning as is commonly understood by one of skill in the art to which this

disclosure belongs.

[00140] While the disclosure has been described with reference to exemplary
embodiments, it will be understood by thoselskilin the art that various changes may be
made and equivalents may be substituted for elements thereof without departing from the
scope of the disclosure. In addition, many modifications may be made to adapt a particular
situation or material to the td@ngs of the disclosure without departing from the essential
scope thereof. Therefore, it is intended that the disclosure not be limited to the particular
embodiment disclosed as the best mode contemplated for carrying out this disclosure, but
that the dsclosure will include all embodiments falling within the scope of the appended

claims.

[00141] What is claimed is:
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CLAIMS

. Acushioning pad, comprising:

a first channel comprising a thickness and a width, the first channel comprising a
continuous upper layer and a continuous lower layer, the continuous upper layer at least
partially bonded to the continuous lower layer;

a cushioning region adjacent to the first channel, the cushioning region having a
thickness greater than the thickness of the first channel, the cushioning region further
comprising a cushioning material disposed between and bonded to the continuous upper
layer and the continuous lower layer; and

a groove defined in the upper surface of the cushioning region, the groove
comprising a thickness less than the thickness of the cushioning region and greater than

the thickness of the first channel.

. The cushioning pad of Claim 1, further comprising a perimeter flange and a perimeter
channel, the perimeter flange spaced apart from the cushioning region by the width of the
perimeter channel, the perimeter flange having a thickness greater than the thickness of

the perimeter channel and less than the thickness of the cushioning region.

. The cushioning pad of Claim 2, wherein the perimeter flange comprises at least a portion
of the cushioning material disposed between and bonded to the continuous upper layer

and the continuous lower layer.

. The cushioning pad of Claim 1, wherein the continuous upper layer is at least partially
bonded to the continuous lower layer in the first channel by a plurality of portions of
cushioning material disposed between and bonded to the continuous upper and lower

layers.

. The cushioning pad of Claim 1, wherein the first channel comprises a continuous layer of
cushioning material disposed between and bonded to the continuous upper and lower

layers.
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10.

11.

12.

13.

14.

15.

The cushioning pad of Claim 1, wherein the first channel has a width ranging from about

1 mil to about 10 mils.

The cushioning pad of Claim 1, wherein the first channel has a width ranging from about

1 mil to about 10 mils.

The cushioning pad of Claim 1, wherein the first channel has a thickness ranging from

about 1 mil to about 10 mils.

The cushioning pad of Claim 1, wherein the first channel has a thickness ranging from
about 5 mil to about 8 mils.

The cushioning pad of Claim 1, wherein the cushioning material comprises a density

ranging from about 10 to about 30 pounds per cubic foot.

The cushioning pad of Claim 1, wherein the cushioning material comprises a density

ranging from about 15 to about 25 pounds per cubic foot.

The cushioning pad of Claim 1, wherein the cushioning material is a rate dependent foam.

The cushioning pad of Claim 1, further comprising a garment, wherein the cushioning

pad is attached to the garment by stitching.

The cushioning pad of Claim 13, wherein the garment is a compression sleeve, and the

cushioning pad is configured to correspond to an elbow joint.

The cushioning pad of Claim 13, wherein the garment is a compression leg sleeve, and

the cushioning pad is configured to correspond to a knee joint.
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16. The cushioning pad of Claim 1, wherein the continuous upper and lower layers are

polyester thermoplastic polyurethane.

17. The cushioning pad of Claim 1, wherein the continuous upper and lower layers are
thermoplastic elastomer (TPE) film bonded to a layer spandex fabric, and the TPE layers

are disposed adjacent to the cushioning material.

18. The cushioning pad of Claim 1, wherein the cushioning material is a cellular material
comprising a plurality of cells having a minimum cell diameter, and the thickness of the
cushioning material between the continuous lower layer and the continuous upper layer is

less than the minimum cell diameter.

19. The cushioning pad of Claim 1, wherein the first channel is a perimeter channel, and
further comprising a perimeter flange spaced apart from the cushioning region by the
width of the perimeter channel, the perimeter flange having a thickness approximately

equal to the combined thickness of the inner layer and the outer layer.

20. The cushioning pad of Claim 19, wherein the perimeter flange comprises at least a
portion of the cushioning material disposed between and bonded to the continuous upper

layer and the continuous lower layer.

21. The cushioning pad of Claim 19, wherein the continuous upper layer is at least partially
bonded to the continuous lower layer in the perimeter channel by a plurality of portions
of cushioning material disposed between and bonded to the continuous upper and lower

layers.
22. The cushioning pad of Claim 19, wherein the perimeter channel comprises a continuous

layer of cushioning material disposed between and bonded to the continuous upper and

lower layers.
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23. The cushioning pad of Claim 19, wherein the perimeter channel has a width ranging from

about 1 mil to about 10 mils.

24. The cushioning pad of Claim 19, wherein the perimeter channel has a width ranging from

about 1 mil to about 10 mils.

25. The cushioning pad of Claim 19, wherein the perimeter channel has a thickness ranging
from about 1 mil to about 10 mils.

26. The cushioning pad of Claim 19, wherein the perimeter channel has a thickness of about

ranging from about 5 mil to about 8 mils.

27. The cushioning pad of Claim 19, wherein the cushioning material comprises a density

ranging from about 10 to about 30 pounds per cubic foot.

28. The cushioning pad of Claim 19, wherein the cushioning material comprises a density

ranging from about 15 to about 25 pounds per cubic foot.

29. The cushioning pad of Claim 19, wherein the cushioning material is a rate dependent

foam.

30. The cushioning pad of Claim 19, further comprising a garment, wherein the cushioning

pad is attached to the garment by stitching.

31. The cushioning pad of Claim 30, wherein the garment is a compression sleeve, and the

cushioning pad is configured to correspond to an elbow joint.

32. The cushioning pad of Claim 30, wherein the garment is a compression leg sleeve, and

the cushioning pad is configured to correspond to a knee joint.
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33. The cushioning pad of Claim 19, wherein the continuous upper and lower layers are

polyester thermoplastic polyurethane.

34. The cushioning pad of Claim 19, wherein the continuous upper and lower layers are TPE
film bonded to a layer spandex fabric, and the TPE layers are disposed adjacent to the

cushioning material.

35. The cushioning pad of Claim 19, wherein the cushioning material is a cellular material
comprising a plurality of cells having a minimum cell diameter, and the thickness of the
cushioning material between the inner layer and the outer layer is less than the minimum

cell diameter.
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