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CUSHIONED LINER AND USE WITH PROSTHETIC DEVICES
This application claims the benefit of U.S. Patent Application
Serial No. 10/102,299 filed March 19, 2002 which is hereby
10 incorporated by reference in its entirety.

/

Technical Field

The present invention relates generally to an article having a
cushion layer formed on the inside and/or outside of the article (e.g., a
fabric) and more particularly, to a gel cushioned liner to be worn over an
15 amputee’s residual limb.
Background
For the past decades, amputees have worn tubular sock-like
articles over their residual limbs to provide additional comfort to the
amputee when wearing a prosthetic limb. For many years, the tubular
20 sock-like articles were formed of natural materials, such as cotton, wool,
and cotton-wool blends; however, as synthetic materials become

increasingly popular as a material of choice to form articles of apparel,



As is known, an anputee is typically fitted with a prosthetic nenber to be
worn over the residual linb. In a bel owknee (BK) 5 prosthesis, an

anput ee' swetognopoeends to pivot within a socket of the presrhses/er9suri ng
anbul ation, the stunp will come up in the socket of the prosthesis until
the neans for attaching the prosthetic o the wearer causes the prosthetic
tolift with the stunp. The wearer ther conpletes a wal king notion or

ot her nmovenpent by repeatedly |ifti _@he rostheti.c 10 up.and then pl acing
it back doWF!VAing sAckpetmTUPYRLEPERIIKS aEHGIBE WRIEANCIFAFEIMt of the
wearer's body. Most of the avail abl e cushi oned residuum socks (prosthetic

| i ners) théhbrcasted wsirentyiythavie inabdraaldlave a tubul ar or conical construction
and do not provide a formfit of the anputee's residuum since the 15

resi duum stump L ypi cald i dAR3nNah HAALALN, SRR FEd M  rusaaee, | For

exanple, while the residuumstunp general as a roug coni cal shape,
the resi duum stu wll often have recessed areas in certain |locations. On
a bel ow kn&emper to §pguorreaveiute rasigral dipb.r dradadewakree (BX) of ten nore
pronounced on the right side of the tibia bone, while for right 20 side

resi gual | ipibsthebRe aRRIAp (IO BAGAH tEABE 36 §vA KNI adibdkee of ehe si de  of
the bone. I'n both instances, the side opposite the side with the nore

b3/ 079026 PeT s oHaats aegfel Hiaok b v PRI BPathEbdBelsr oo O
typically occurs i medi ately
the prosthesis until the means for attaching the prosthetic to the wearer
causes the prosthetic to lift with the stump. The wearer then completes
a walking motion or other movement by repeatedly lifting the prosthetic
10 up and then placing it back down in a different location to effectuate
movement of the wearer’s body.

Most of the available cushioned residuum socks (prosthetic
liners) that are currently available have a tubular or conical construction
and do not provide a form fit of the arﬁputee’s residuum since the

15 residuum stump typically does not contain a completely uniform shape.
For example, while the residuum stump generally has a roughly conical
shape, the residuum stump will often have recessed areas in certain
locations. On a below knee, left side residual limb, the recessed area is
often more pronounced on the right side of the tibia bone, while for right

20 side residual limbs, the more pronounced recessed area is on the left side

of the bone. In both instances, the side opposite the side with the more

pronounced recessed. area will also contain a recessed area to a lesser



bel ow the patella, one either side. Conventional prosthetic |liners do not
accommodate the non-uniformnature of the residuumand this can result in
t he anmputwe oaxnp®eé enci ng weari ng di sconfort due to the nomCarishaoTyso5 fit.
When the anputee uses a prosthetic device, the anputee sinply attaches a
prosthetic linb to their residual linb py neans of a rigid socket, liner,
and a suspension neans. The rigid sock can be customfabricated to match
t he shape of the intended user's residual 10 |inb and can pe formed froma
variety of dapraeearefuitheethagreatesidiegasniyrisally Aseuls immediate)yt her nopl asti ¢
materials, fiber-reinforced thernoset materials, as well as wood and

netal s. Begalse thB§aiteisd, B eithdrsidé ntGyrfvasemnal plosthetidéindrs do giod
prosthetic linb, this interface can becone an area of disconfort over tine

since this_interfa i.,s a |load bearing 15 jnterf t i dual
b and ¢ ABCHTBAETBe Beharanyarrs madiie of Ui fes a2 BE ceATeRaR, “ang
provi de a degree of cushioning to | essen the inpact of the |oad,

prost het i cin tmeesgusee lexpetercing edearing dissomdost duenpdhe nestyRiéernt he hard
prosthetic socket and the residual linb in order '"to increase confort. 20
One @f theggisadvantages of conventional prosthetic liners (socks) is that
they are constructed in such a manner that the closed distal end thereof

actual |y causes di scff ory, (0,15 4SRLET, HeRRhLE: BEL RS, R, Q3178820

simply attaches a prosthetic limb to their residual limb by means of a
rigid socket, liner, and a suspension means. The rigid socket can be
" custom fabricated to match the shape of the intended user’s residual

10 limb and can be formed from a variety of different materials, including
but not limited to thermoplastic materials, fiber-reinforced thermoset
materials, as well as wood and metals. Because the residual limb
interfaces with the hard, rigid prosthetic limb, this interface can become
an area of discomfort over time since this interface is a load bearing

15 interface between the residual limb and the prosthetic limb. In order to
alleviate this discomfort and provide a degree of cushioning to lessen the
impact of the load, prosthetic liners (socks) are used as interface
members between the hard prosthetic socket and the residual limb in
order ‘to increase comfort.

20 One of the disadvantages of conventional prosthetic liners
(socks) is that they are constructed in such a manner that the closed

distal end thereof actually causes discomfort to the wearer despite being



designed to provide confort to the wearer at the interface area between
the residual linb and the prosthetic Iinb. Mre specifically and as shown
in Fig. Iwo03arvehventional prosthetic liner 10 is typicalPcCy/usonsdsuct ed of
two or nore textile pieces 12, 14 that are stitched or otherw se attached 5
to one another to formthe sleeve-likeqprosthetic liner 10. At a distal end
16 of the prosthetic liner 10, the textile pieces 12, 14 are joined
together along a distal seam 18. For exanple, the t texti i eces 12,

14 can be9p8igRed tPdyevites ComTar; tPcthPﬁ’tje?’l% afﬁbeﬁﬂf@é&e@'ealb@t §%Bach ot her
along the distal seam 18. A cushioning material, generally indicated at

20, is 10 dihéﬁ&‘i@@lalqnnb fwlditﬂffbi plesdietichkmpt dﬂbh@hb@mﬁcaﬂv ahd, ad steowvont si de of
the prosthetic liner a conbination thereof. The distal end 16 of

the prostheric 11 “aggcgi eﬁﬁorggrepnreg{hte&.gg.n%} 1R Al OodfiAlcrbhtcy ar ound

the |ower /on e’resl as an interface
between the residual linb and the prosthetic linb. 15 While the distal ends
of convent itoeadr mose texstiiediecered 2, 14uikiat ase stitehad epothgraviseatiacheted to
provide a confortable interface between the residual |linb and the

prosigheti ¢ ¢4 igig, arfdifedts §&im &ﬁarﬂée&/eqa@ Srddfestid ihéd AOI Ot hlidtaPergar er due
its location across the distal end of the residual linb in a | oad bearing

Th t |t {otdE pidQl 31 12 .14
"t or connedtbdl 1 ApsPERalnPLIbcans totR PSR 14 ABUBTEn B8 Enad t o

provi de a | ow, srmoth seam between the two |nt erconnected pi eces, because
t he di st al abng d6listhl seaml 18eFol@xbamls, WS 080 AZLVIRZIPCT? 1203/409@80

be joined together by stitching the two pieces 12, 14 to each other along
the distal seam 18. A cushioning material, generally indicated at 20, is

10 disposed on the inside of the prosthetic liner 10, the outside of the
prosthetic liner 10, or a combination thereof. The distal end 16 of the
prosthetic liner 10 is the portion of the liner 10 that fits around the
lower, distal section of the residual limb and acts as an interface
between the residual limb and the prosthetic limb.

15 While the distal ends of conventional prosthetic liners, such
as liner 10, are constructed to provide a comfortable interface between
the residual limb and the prosthetic limb, the distal seam 18 can cause
irritation to the wearer due its location across the distal end of the
residual limb in a load bearing area. This discomfort results even if the

20 textile pieces 12 ,14 are interconnected using a flat-locked stitch, which
is a stitch designed to provide a low, smooth seam between the two

interconnected pieces, because the distal end 16 of the liner 10 bears



5 the greatest load since it interfaces between the residual |linb and the
prosthetic linb and each tinme the wearer steps, the wearer bears down on

t he sockewoaB/ot4ees prosthetic linb and a load is exerted omCTIES03/pI98Et heti

| i mb. Because the distal seam 18 extends across the distal 5 end of the
residual linmb, the distal seam 18 is caonstantly pressed agai nst the
residual |inb each tine the wearer steps. This pressing action causes
irritation and disconfort to the wearer since the distal seam 18 is

| ocat ed i nthe g&patent pad Saee Helateriaces Batviern i tesidyaliirmpand hest seam
wi || cause disconfort because of the |ocation of the seam 18. 10 Thus,

there is sprddthatibdiach bAdtdiehatimelthe wepredStésd, i thel weearer bdars ldoower comes
t he deficiencies of the prior art and is constructed so that the

he wear er Srageimer o AT etaFoE RO ek B LN e et C 1l ner)

for covering a residual Ilnb of an anputee is provided. According to one
enbodi ment presibetiadimtpn&echlseithe distabiesan Whekiaigpeerosalihe digally menber
formed of at least two fabric pieces. One of the fabric pieces is 20 a

di stgl end eppeserehakidual ﬁHb’iGchédjléﬁél abahePStis @BRsRINMKS pleabed agairkee al ong
a circunferential edge of the distal end piece. The distal end piece is

35?8781‘922 }g@?%ég lgmgoeac ht?l%eetﬁteevr\}gasre?cstcgpsss tTﬂls pressmlg ggt?o:?' ece. The WO
causes irritation and discomfort to the wearer since the distal seam 18 is
located in a very high load bearing area and thus, even the smoothest
seam will cause discomfort because of the location of the seam 18.
10 Thus, there is still a need in the art for a prosthetic liner
which overcomes the deficiencies of the prior art and is constructed so
that the uncomfortable distal seam is eliminated, thereby increasing the

comfort of the wearer.

15 Summary

An improved cushioned liner (i.e., prosthetic liner) for
covering a residual limb of an amputee is provided. According to one
embodiment, the cushioned liner includes a sock-shaped fabric body
member formed of at least two fabric pieces. One of the fabric pieces is

20 a distal end piece that is attached to at least one other fabric piece along
a circumferential edge of the distal end piece. The distal end piece is

free of a transverse seam that extends across the distal end piece. The



6 cushioned liner also includes a cushion | ayer di sposed on at |east one
side of the sock-shaped fabric nenber. A cushioned |iner having the above
constructwon3proe des a nunber of advantages over convenPConsb3/pIest hetic
|l iner constructions. 5 Mre specifically, the distal transverse seamt hat
is associated with conventi onal prosthgiic liners has been elimnated in
the present construction since the present distal seamis a
circunferential seamthat _extends around the peripheral edge of the distal
end pi ece FHshieagddmner @éﬁ%@dt&%ﬂjca&hleﬁéa&ern%'apaﬁe%9etqtdﬁa%¥50ﬂ%
traditional prosthetic liners. 10 By elimnating a distal seamthat extends
transversegwea@fﬂ@s@msﬁgﬁé@hbrmﬁﬂqe@rﬁbérhe prosthetic liner, a wearer of
the present cushioned liner experiences |ncreased confort due to

elimnating the tranztver selgeg%ll@?{ E‘}Z%n e aboE{/e égé\ﬁ Lﬂcsdamr vw&gyacauses

irritation and gener n-case ransver se
distal seamis covered 15 with a CUShI oning material. In yet another
enbodi nment pumbdrmsradusyages pvemmnmnahgrosthétlaﬂ@@é cepabtetiens.on and is
adapted to receive a cushioning material on at |east one side thereof to

formgt he ahpye- Wéé?@d tﬁé’%@t@ﬂﬁgné\'/él%é seBhhehatf l@aésﬁbéﬁuté’@dwﬁdVant ages of
the present 1 nvention be apparent fromthe foI ow ng detailed

description when.read |n unc i 0 h'the agco ¥|n drawi ngs. WO
03/ 079926 BERYERHN ﬁgéthetlc ners has bean eliminated in t ep esent

construction since the present distal seam is a circumferential seam that
extends around the peripheral edge of the distal end piece instead of
being formed across a medial section as in traditional prosthetic liners.
10 By eliminating a distal seam that extends transversely across the distal
end of the prosthetic liner, a wearer of the present cushioned liner
experiences increased comfort due to eliminating the transverse
orientation of the distal seam, which causes irritation and general
discomfort, even in cases where the transverse distal seam is covered
15 with a cushioning material.

In yet another embodiment, a liner body is provided having
the above construction and is adapted to receive a cushioning material
on at least one side thereof to form the above-described cushioned liner.

Other features and advantages of the present invention will

20 be apparent from the following detailed description when read in

conjunction with the accompanying drawings.



7 Brief Description of the Drawi ngs The foregoi ng and ot her features of
the present invention wll be nore readily apparent fromthe foll ow ng
det ai | ed wegan7gLé on and drawi ngs of illustrative enbodi FEmUGSODHH798Me
invention in which: 5 Fig. 1 is a perspective view of a cushioned |iner
according to one exenplary enbodi nent being placed over a residual |inb of
an anputee; Fig. 2 is a perspective view of the cushioned liner of Fig. 1
with the residual |inmb being fuI |y inserted into the cushioned liner; 10
Fig. 3is ok Laseripliop,of| tiecraysingsect i ve view of the cushioned |iner of
Fig. 1 with a sectl on of the cushioned |iner being shown in cross-section;
Fig. 4 is an expl oded heefarpgsingvand/ behkr deaturks érthbqitysait inkenticushi oned
liner illustrating exenplary points of attachnment between the 15
i ndi vi dual n I r r t aken
fromcircl ﬁﬂ? @%Eézea(i\ %%[gaﬂeﬁt Bog]gr?nt %ﬁé\&ﬁ]\ﬁag %lgggaﬁ%odnlgf[ ?R 6{o t he
liner body of Fig. 4, Fig. 6 is a cross-sectional view taken fromcircle 6
of Fig. 3; dragimmisgof Hlustragivpearsbedimands wif dhe dnvemtiexénpihiely: cushi oned i ner
according to anot her enbodi nent; WO 03/079926 PCT/ US03/ 07980

5 Fig. 1 is a perspective view of a cushioned liner according to

one exemplary embodiment be‘ing placed over a residual limb of an
amputee;

Fig. 2 is a perspective view of .the cushioned liner of Fig. 1
with the residual limb being fully inserted into the cushioned liner;

10 Fig. 3 is a partially exploded perspective view of the
cushioned liner of Fig. 1 with a section of the cushioned liner being
shown in cross-section;

Fig. 4 is an exploded perspective view of a liner body of the
cushioned liner illustrating exemplary points of attachment between the

15 individual components;

Fig. 5 is a perspective an exemplary fabric taken from circle
5 of Fig. 4 used to form the individual components of the liner body of
Fig. 4;

Fig. 6 is a cross-sectional view taken from circle 6 of Fig. 3;

20 Fig. 7 is a perspective view of an exemplary cushioned liner

according to another embodiment;



8 Fig. 8 is a perspective view of an exenplary cushioned |iner according
to yet another enbodinent; Fig. 9 is a partially cut away perspective view
of the cwelBomsds|iner of Fig. 1 with the residual |inb peirngopersse al |y
inserted 5 into the cushioned liner; Fig. 10 is an enlarged view taken
fromcircle 10 of Fig. 9 1illustrating $ di stal end of the cushioned Iiner
in partial cross-section and in a parttally cut away manner to show t he
attachnment of the individual conponents formng the |liner bod 10 Fig. 11
is a partially cut a8 @atneﬁp%@tﬁs@swgév:pfaﬁéxe%a%eeﬁlwaeé.“@w of a

di stal end of a conventional prosthetic liner; Fig. 12 is a side

el evat i onalacebRithgitd yiedrdniodhercéidbsdiaert; on, of an apparatus for applying a
cushioning material to a liner body to form the cushioned liner of Fig. 1;

15 Fig. 13 is an enl t%ry(geéilscr 3%‘2]"\5}@\&%?%%"‘] VbE % |\'7'§\A}]e%'d?gth@ housi ng

menber havi ng a cavi for chinturn receives
liquid or nolten cushioning materi aI Fig. 14 is a side elevational view,
in partial cesbionesdinerf Figs 1 with thppasiduakiiob migg pestially (nsertedi ng a
mandrel being extended to an 20 internedi ate position inside of the |iner

bodys WO 03A{/#R26udHidnédNRéeEN 7980 9

Fig. 10 is an enlarged view taken from circle 10 of Fig. 9
illustrating a distal end of the cushioned liner in partial cross-section and
in a partially cut away manner to show the attachment of the individual
components forming the liner body;

10 Fig. 11 is a partially cut away, partial cross-sectional
perspective view of a distal end of a conventional prosthetic liner;

Fig. 12 is a side elevational view, in partial cross-section, of
an apparatus for applying a cushioning material to a liner body to form
the cushioned liner of Fig. 1;

15 Fig. 13 is an enlarged cross-sectional view illustrating a
housing member having a cavity for receiving the liner body which in turn
receives liquid or molten cushioning material;

Fig. 14 is a side elevational view, in partial cross-section, of
the apparatus of Fig. 12 illustrating a mandrel being extended to an

20 intermediate position inside of the liner body;



Fig. 15 is a side elevation view, in partial cross-section, of the
apparatus of Fig. 14 illustrating the mandrel being further extended to a
di stal powotosom2éig. 16 is an enl arged cross-sectional viPEwush3/01980 mandr e
in 5 the distal position of Fig. 15 with cushioning material flow ng
around the nmandrel between the mandrel_ and the inside surface of the |iner
body; Fig. 17 is a side el evati onal vi 8w of the apparatus of Fig. 12
illustrating the mandrel being retracted fromthe cavity with the

cushi oned |iner of FFig- 15 &upsisimelengtioneiewndy Bprtial GresgysectyPn,Ofa si de

el evation view of the mandrel in the retracted position of Fig. 17 with

the cushi ofgd appaitud i Fig I P4 ligsbteftingPeR) eAndRarefingfufther ectepidet of the
cushioned liner; Fig. 19 1s side elevational view of an apparatus according

to an alter na(ﬁh;vaﬁ enmbodi ment for applying a cushioning material to a |iner
15 body to'® SrHFtNELEI M oned 1iner of Fig. 1, wherein the mandrel is
formed to have a non-uniform shape; and Fig. 20 is an enl arged
cross-sectional vi ewFid.| L81s abientprobeé crossmdectionsfl gy, ofithepwandralier t ed
into aliner to forma cushion layer having a section of increased

Lhi cness. 20 oM 056473R % AT HNR GRARLNIAY nikeRil ABWRES GFdd e of L he
referred odi nent s
mandrel between the mandrel and the inside surface of the liner body;
Fig. 17 is a side elevational view of the apparatus of Fig. 12
illustrating the mandrel being retracted from the cavity with the
cushioned liner of Fig. 1 surrounding the mandrel;

10 Fig. 18 is a side elevation view of the mandrel in the
retracted position of Fig. 17 with the cushioned liner being rolied or
peeled therefrom for removal of the cushioned liner;

Fig. 19 is side elevational view of an apparatus according to
an alternative embodiment for applying a cushioning material to a liner

15 body to form the cushioned liner of Fig. 1, wherein the mandrel is formed
to have a non-uniform shape; and

Fig. 20 is an enlarged cross-sectional view illustrating the
mandrel of Fig. 19 being inserted into a liner to form a cushion layer

having a section of increased thickness.

20



Referring to Figs. 1 through 6, a cushioned liner (e.g., a prosthetic
liner) 100 according to one exenplary enbodinent is illustrated. The
cushi onedwbion®r99200 is fornmed of a liner body 110 havi ng PCa/tfses/onIgitti ng
general ly tubul ar sock-shape with an open end 1 12 into which an
anputation stunp (residual |inb) 130 c?g be introduced and a cl osed distal
end 114. The liner body 1 1 0 includes an interior 1 16 and an exterior 1
18 with the interior 116 being unp eona eg gdth a cushioning material to
form a cuskiesalgdDgscripiion of 1he > efalg shi on between the

anput ee's re5|dual i mb 130 and a prosthetlc device (not shown) which is
to be attached to or Reféreingyi toeFigouplhdolgh 6t Becustdorckhlinér (@g]20, as wil |
be described in greater detail belom/ When the cushioned |iner 100 is used

to couple £ in receptacle
150 is pr e% tﬁ?,{ QTkgﬂp}(‘g@la&egré'R rLt x&ﬂég r\t{oW‘)‘ﬁ&d’:}g‘ienFil end 1 14 of
the cushioned liner 100 on the exterlor 1 18 thereof. In the exenplary
embodi ment jllusti@ated.n Thecewgltianed lingn1AAgs 4orraed [of éntingraepdy 14 haVipgr t i on
152 surrounding a receptacle body 154. The receptacle body 154 is a rigid

nmenbegr thaty fosmpfi€frey gdheraflpriBGlapkobRisAbpandith el sises eadtreaded bore 156
which 20 threadingly receives a connecting nenber (e. g a threaded pin)

of the prosth tic device to securel rost to the
O e e Y SRS A S B MR IR RS (2
03/ 079926 PCT/ US03/07980 11

closed distal end 114. The liner body 110 includes an interior 116 and

an exterior 118 with the interior 116 being impregnated with a
cushioning material to form a cushion layer 120 so as to provide a

10 cushion between the amputee’s residual limb 130 and a prosthetic
device (not shown) which is to be attached to or otherwise coupled to
the residual limb 130, as will be described in greater detail below.

When the cushioned liner 100 is used to couple a prosthetic

device to the residual limb 130, a pin receptacle 150 is preferably

15 provided and is attached to the distal end 114 of the cushioned liner 100
on the exterior 118 thereof. In the exemplary embodiment, the pin
receptacle 150 has a resilient radial skirt portion 152 surrounding a
receptacle body 154. The receptacle body 154 is a rigid member that is
preferably formed of metal and includes a threaded bore 156 which

20 threadingly receives a connecting member (e.g., a threaded pin) of the
prosthetic device to securely attach the prosthetic device to the

cushioned liner 100. The radial skirt portion 152 preferably has a



dianeter that is approxinmately equal to or |less than the dianeter of the
distal closed end 1 14 of the liner body 1 10 so that the radial skirt
portion WB3Mm®36 not extend beyond the peripheral edge ofPCrhsos/vreer body 1
10 at the distal end 1 14 thereof. In other words, there preferably is a
snmooth 5 radial interface between the o dial skirt portion 152 and the
liner body 110. However, in sone applications, it nay be desirable for the

radial skift portjion,152 to.extend beyond t he peripheral edge. of the |iner
body . 110, HATECTELINAT i RPRIOXBBRIEN, aNabtq ar lessBanphe diamster ohite i s 10
formed of a resilient material, such as a polyneric material. The

recept acl e distdlyclbSéd @md bed fodrthedinet bady hldiserthat thatrediabbkirt porioras
nmetals, and in one enbodi ment, the receptacle body 154 is formed of

al um num LRI [ ' I I nd 15
114"of 1 he 008 5E SRR Boyoit 1o REABABAN,Abe diinE IR G PO DT
receptacle 150 is disposed on the distal end 114, the receptacle body 154
i s gener al the gistebpad 1dubtherept i sthar wWaEds, thererpeeferabdpinasnedily ~ 154

has an annul ar base 155 (i.e., radial flange) that surrounds an annul ar

boss 5157 t hadial inaktides bebwethrradadiabskiet pohGionP1 8Rerabthe lihdreb@dy r adi al
skirt portion 152 is fornmed over the receptacle body 154 and the polyneric

of - the anndi’xt B B ioRBbhe R maY eRARABE 3 s BFro02s

PCT/ US03/ 07980 )
skirt portion 152 to extend beyond the peripheral edge of the liner body

110.
The radial skirt portion 152 is a flexible member that is
10 formed of a resilient material, such as a polymeric material. The
receptacle body 154 can be formed of any number of materials, such as
metals, and in one embodiment, the receptacle body 154 is formed of
-~ aluminum.
The pin receptacle 150 is disposed at the closed distal end
15 114 of the liner body 110 uging any number of techniques. When the pin
receptacle 150 is disposed on the distal end 114, the receptacle body
154 is generally centered about the distal end 114. The receptacle body
154 has an annular base 155 (i.e., radial flange) that surrounds an
annular boss 157 that includes the threaded bore 156. Preferably, the
20 radial skirt portion 152 is formed over the receptacle body 154 and the
polymeric material forming the radial skirt portion 152 surrounds the

outer surface of the annular boss 157. In other words, the only portion



12 of the receptacle body 154 that is exposed is the threaded bore 156 to
receive the connecting nenber of the prosthetic device and establish a
connect i owolavwmen t he cushioned |iner 100 and t he prost heCrasdeviose.

Sui tabl e techni ques for attaching the pin receptacle 150 to 5 the cl osed
distal end 1 14 include but are not qugied to using an adhesive nmateri al
to bond the pin receptacle 150 to the t'éxtile material of the closed
distal end 114. It will also be appreciated that a nolding process can be
used to folhthraerariasie BrAY (1 3fbiatdn exposad dRite theaded dracid Wody 154
and at the sane tine bond the socket 150 to the distal end 10 114 of the

cushi oned Ireséive kR6.complectingmbmbet b the pepsiheltie dmdye Ahd establishea pl aced
into a nold, along with the distal end 114 of the liner body 1 10 and then

Phe’radi o1 ouPeapaiRtyercdl Al e fidh, PofE - blobuned RORE, 10" 12

| iner body 110. 15 As best shown in the expl oded view of Fig. 4, one
exenpl ary |iner bodySuiteblestecbnimgsdpr stipenilg e pity eecgptade 166kl s) of
textile material that are cut according to an exenplary pattern and then

attaahed t qhaNgoRPLIREI SHPNY 4PHERRILSS U Areth SeaRel QoRisHYg df ddMesive
constructed liner body 110. In one exenplary enbodi nent, the liner 20 body

second i ATRIER £0 Bend Prop RiacePaFLs AP0 teagTe RUPRLEh I  he 11 rot
and second side panels 160, 170 are identical to one another. Each of
closed distal end 114. It will also be appreciated that a molding process
can be used to form the radial skirt portion 152 around the receptacle
body 154 and at the same time bond the socket 150 to the distal end
10 114 of the cushioned liner 100. For example, the receptacle body 154
can be pIa‘ced into a mold, along with the distal end 114 of the liner body
110 and then polymeric material can be introduced into a mold cavity,
thereby forming the radial skirt portion 152 and attaching the pin
receptacle 150 to the liner body 110.
15 As best shown in the exploded view of Fig. 4, one
exemplary liner body 110 is formed of several or more pieces {panels) of
textile material that are cut according to an exemplary pattern and then
attached to one another along predetermined seams to provide the
constructed liner body 110. In one exemplary embodiment, the liner
20 body 110 is formed of three pieces of textile material, namely first and

second side panels 160, 170 and a distal panel 180. Preferably, the first

and second side panels 160, 170 are identical to one another. Each of



WD 03/ 079926 PCT/US03/07980 13 the first and second side panels 160, 170
has an upper edge 162 that forns the open end 112 of the liner body 1 10
when t he Worist7®eel second side panels 160,170 are attachedTarsd3/ens©pposi ng
| ower edge 164 that forms the closed distal end 1 14 of the |iner body
110. 5 When each of the first and seco g si de panels 160, 170 is flattened
out, each panel has a generally rectang | ar shape with a slight i nwar d
taper toward the | ower e In ot her_words, the u %gg 162 has a
wi dt h sl i gibe firgi aad éﬁcwfgﬁlct%awlatt@%ﬂt%éaﬁé\nevp%%rg %A T%é&h of the
first and second side panels 160, 170 has an interior surface 10 172 (that

fornms a parfbrraé théepenterd on 2loflthedtindritdyi Ne0 Wwhdy thé Frstadd aecongpposi ng
exterior surface 174 (that forms a part of the exterior 1 18 of the |iner

170" ar e 4i SIBH 11 TG AR Rufadhsd A8 aer%&&g%%%tgt‘gdééﬂﬁ‘* e

edges 166 extend fromthe Iovver edge 164 to the u&p 15 edge 162. The
di stal pandbrmgahé slesededistdlengi €te aflihe liner bedyt blBave an annul ar shape
or sone other desired shape so long as the distal panel 180 encl oses one

end gf the |iner bodyyhed@abhest the fist GAANRELAL dide PARelss160, PA0EES 160,
170. The distal panel 180 has an interior surface 182, 20 an exterior

PhTace, 1095 Be! LRt ol Rok o N ey Moo i Limeet o o

inward taper toward the lower edge 164. In other words, the upper edge
162 has a width slightly greater than the width of the lower edge 164.
Each of the first and second side panels 160, 170 has an interior surface

10 172 (that forms a part of the interior 116 of the liner body 110) and an
opposing exterior surface 174 (that forms a part of the exterior 118 of
the liner body 110). As best shown in Fig. 4, the first and second side
panels 160, 170 are attached to one another along side edges 166 of
each. The side edges 166 extend from the lower edge 164 to the upper

15 edge 162.

The distal panel 180 is a textile piece that is cut to have an

annular shape or some other desired shape so long as the distal panel
180 encloses one end of the liner body 110 when it is connected to the
side panels 160, 170. The distal panel 180 has an interior surface 182,

20 an exterior surface 184 and a peripheral, circumferential edge 186. The
dimensions of the distal panel 180 should be such that when the first and

second side panels 160, 170 are attached to one another, the distal



second side panels 160, 170 are attached to one another, the distal WO

03/ 079926 PCT/ US03/07980 14 panel 180 conpletely extends across the open

| ower edowO(3/0®926 defi ned by the |ower edges 162 of the pamaiss3/(®8) 170)
so as to enclose the distal end (second end 114) of the |liner body 110.
Accordingly when the first and second1 i de panels 160, 170 are attached to
one another along 5 the side edges 166 to formvertical seans, the |iner

body 1 10 has a__tubular shape and the distal panel 180 i.s used to encl ose
the |iner B3gg 1§Qoq0n1rﬁket%lr/sec><é¢n%ﬁ@wossv:§@ei%Oea&&Oé(&%%daqeoht%ea?‘gw? edges
162 of the first and second side panels 160, 170 along its peripheral,

ci rcunf er ey dle loeckgeedd?3E. 162 ofAshberineh0@0, 17 0Fisg. aSt@apdclseahdi ng to one
enbodinent, the interior surfaces 172, 182 of the first and second side

panel s 160,,. .17 i L\ Rl 180, res tiy . ufferent
Paxture.  ndletsf Rod deddtf AE (R BIaRG P o= REG, A farfY Bufhrblq
greater detail hereinafter, the textile panels 160, 170, 180 are

pr ef er abl y first apd second sideopangls diécht 1 HReee pblashed e anecandiiner st her so

that the fibers of one nmterial formthe exterior surface of the

respecti ve 1Rk @ife adged he6f icbRirm veftidahSe/BEEheBAGT bady flamoadie i nteri or
surface of the respective piece. The texture of the interior surfaces 172,

Mnterior sUnpaEesnaRs ndgpetstsl PRBFLT BRds dRe arencg i SERE not
permtting the cushioning nmateri al
110. The distal panel 180 is attached to the lower edges 162 of the first
' and second side panels 160, 170 along its peripheral, circumferential
edge 186.
10 As best shown in Fig. 5 and according to one embodiment,
the interior surfaces 172, 182 of the first and second side panels 160,
170 and the distal piece 180, respectively, have a different texture than
the exterior surfaces 174, 184. As will be described in greater detail
hereinafter, the textile panels 160, 170, 180 are preferably formed of
15 two different materials that are knit together so that the fibers of one
maferial form the exterior surface of the respective piece and the fibers
of the other material form the interior surface of the respective piece.
The texture of the interior surfaces 172, 182 is designed to absorb the
cushioning material that is épplied to the interior surfaces 172, 182 to
20 form the cushion layer 120, while not permitting the cushioning material

to bleed through or otherwise migrate to the exterior surfaces 174, 184

thereof. As illustrated in Fig. 5, the exemplary interior surface of the



to bleed through or otherwise mgrate to the exterior surfaces 174, 184

thereof. As illustrated in Fig. 5, the exenplary interior surface of the WO
03/ 079926WB@3h8RA/ 07980 15 textile material has a waff| @Clriuse3/eqpear ance
for absorbing the cushioning material. It will be understood that the

| i ner body 110 can be fornmed of other Eabrl c materials having different
textures that the aforenenti oned t ext For exanple, the texture of
each side of the liner body 110 can be the sanme. Referrin ow.to Figs. 1
t hrough 8, t%féletrmetegladi@aﬁawaéfléﬂlke@&péaia&qcelf@oa f?d@lnge‘tﬁ Cgl Etﬂwﬂs uct the
liner body 1 10 can be attached to one another using any nunber of

convent i onahatefiahnitawdsbe iuneletstond that the hihagbbdie 1t1\@can e fpenedofl60, 170
of textile material al ong the side 10 edges 166 to formvertical stitched

i dovari ey an ey de B frofiedifes b abk AR MARET, O 0h”

types can be used In one exenplary enbodlnent thread fornmed of a
synthetic rexeresl Fosexampls, W wxtuiesofusaeh sidecaft ehlinarebadiol 4Pde panel s
160, 170 to one another 15 using a flat-locked stitch. A flat-1locked stitch
is preferrednifcpsgatidl. s type of stitch tends to create a snooth seam
that is less irritating than seam; formed of other stitches. A flat-1|ocked
stitch also permts

to accompdate the té{]%%'ffm Haw(ﬁo Bﬁgehag%gmgﬁh%gwso%@l tcé?g’t% ogf:ﬁ;et o
during the normal wear
material 160, 170 used to construct the liner body 110 can be attached
to one another using any number of conventional techniques, including
stitching the two side panels 160, 170 of textile material along the side
10 edges 166 to form vertical stitched seams 171. When the two side
panels 160, 170 are stitched to each other, a wide variety of thread
types can be used and a number of different stitch types can be used. In
one exemplary embodiment, thread formed of a synthetic material, such
as nylon, is used to attach the two side panels 160, 170 to one another
15 using a flat-locked stitch. A flat-locked stitch is preferred because this
‘type of stitch tends to create a smooth seam that is less irritating than
seams formed of other stitches. A flat-locked stitch also permits the two
side panels 160, 170 to sufficiently stretch to accommodate the
stretching of the cushioned liner 100 that occurs during the normal wear
20 of the cushioned liner 100.

Similarly, the distal panel 180 of textile material can be

connected to the distal lower ends 164 of the two side panels 160, 170



20 of the cushioned liner 100. Simlarly, the distal panel 180 of textile
material can be connected to the distal |ower ends 164 of the two side
panel s 1680 03O 03/ 079926 PCT/ US03/ 07980 16 al ong a ciPCEUrsh&o™sd i al
stitched seam 173 using any nunber of stitch types. However, the distal
panel 180 of material is preferably coggect ed to the distal |ower ends 164
of the first and second side panels 160,” 170 of material using a
circunferential seam 173 that has flat-1ocked 5 stitch. The first and
second Si dé‘i%%lcé’CHf“]f%ﬁrﬁﬁ?éF't‘i | sqaip Bﬁust%aw §F87Cb‘?5a‘?ile§t'tfbo can be

formed of any nunmber of different textile materials having a predeterm ned
t hi ckness (pbey.. Hewvedvary gk Hisx4li panel @G of adatedalestpreferbblyf edmnaxded hat have
an elasticity that permts the 10 prosthetic |iner (cushioned liner 100) to

streteh @ pogg Rl RET AR 64 AHIOHAGTIR < ARRK' S8 IAMGR! 1508 15¢5hi oned

liner 100 toO e resi uring the nor not 1 ons of the
cushioned |liner 100 as the wearer takes steps or otherw se npves the
prosthetiCOWFH%E{B!E$PQﬁhé”C%W6§¥%@@iEe@@v1zgfha¢6@séﬂgﬁﬂpékeqhe two side
panel s 160, 170 and the 15 distal panel 180 can be formed of fabrics

sel egt ed f @pgh.ne group consisting of: stretchable non-woven fabrics
(e.g., the Xymde line of fabrics including Wearforce(r) fabrics from

DuPont, W1 m ngton, %)e;firs%)é%ﬁas(erc)on%asﬁgg pg%ggrg%%tmgl%éln?liada%dsegment ed

el astoneric

the distal panel 180 can be formed of any number of different textile
materials having a predetermined thickness (ply). Preferred textile
materials are textile fabrics that have an elasticity that permits the

10 prosthetic liner (cushioned liner 100) to stretch a predetermined amount
during normal application of the cushioned liner 100 to the residual limb
130 and during the normal motions of the cushioned liner 100 as the
wearer takes steps or otherwise moves the prosthetic limb (i.e., the
prosthetic device). For example, the two side panels 160, 170 and the

15 distal panel 180 can be formed of fabrics selected from the group
consisting of: stretchable non-woven fabrics (e.g., the Xymide line of
fabrics including Wearforce® fabrics from DuPont, Wilmington, DE);
Lycra® based materials which include segmented elastomeric
polyurethane fibers (i.e., spandex type fabrics); supplex nylon, neoprene

20 fabrics (polychloroprene fabrics); nylon, spunbonded olefin; looped nylon;
spunlaced fabrics; polyester; polypropylene; and aramid fiber fabrics. It

will be appreciated that the above list of suitable fabric materials is not



pol yuret hane fibers (i.e., spandex type fabrics); supplex nylon, neoprene
20 fabrics (polychl oroprene fabrics); nylon, spunbonded ol efin; | ooped

nyl on; swonBat®ds f abri cs; pol yester; pol ypropyl ene; and &CartiSd3/67198er
fabrics. It wll be appreciated that the above |list of suitable fabric
materials is not WO 03/079926 PCT/U803/97980 17 exhaustive and is nerely
exenplary in nature and not limting oﬁ the types of fabric materials that

be used to formthe liner body 110. Further, it wil] be appreciated that
Dhe T onri cexDaBNEang s maa ETRREry ) RErrBay ok bmiing BF SRE, abi v

el astic fabrics that can be provided in a 5 woven, knitted, or non-woven
form One pypdeof &briahrateriaimtthat bk uskdttol forostde liverflmody 1AO.t wo  si de
panel s 160, 170 and the distal panel 180 is a fabric forned of polyester

const ruct edul T W s, eRFisSigs0 (PO idbriehuadt o R M6 pleddht . 10

surface of the fabric and the pol ygﬁrﬁo_pyl ene fibers formthe opposite
surface of linpebedwnrlilQ armpraieraphe sasticjabeendbatcan herprovidedypl 3 est er
surface is intended to forma part of the exterior 1 18 of the |iner body

110, swhi | e \id\emAdniREQPYt ABE-veoNdraesnhs i ntended to forma part of the
interior 1 16 of the liner body 110. The pol ypropyl ene surface has a 15

distinct texture in at it _ha waf fle-ljke.t. ) t i bers are
knitted in this mann@ne( %eff?rlr‘éélf%ﬁré‘f ,"t’aat%Halnﬁ\eart 'gﬁsfgﬁﬁgrf}sg?ﬁ\&ehseh@yé f or med

across the polypropylene surface. As will be described in greater detail
side panels 160, 170 and the distal panel 180 is a fabric formed of

polyester and polypropylene knit fibers. As shown in Fig. b, the fabric is
constructed (knit) in such a way that the polyester fibers form one

10 surface of the fabric and the polypropylene fibers form the opposite
surface of the fabric. In the present prosthetic liner, the polyester
surface is intended to form a part of the exterior 118 of the liner body
110, while the polypropylene surface is intended to form a part of the
interior 116 of the liner body 110. The polypropylene surface has a

15 distinct texture in that it has a waffie-like texture. When the fibers are
knitted in this manner {waffle-like), a number of interstices are formed
across the polypropylene surface. As will be described in greater detail
hereinafter, the interstitial characteristic of the side of the fabric that
forms the interior of liner body 110 advantageously permits gel that is

20 applied to the interior of the liner body 110 to be readily absorbed within
the interstices. This type of fabric is commercially available from

Milliken & Company of Spartanburg, SC under the style/pattern No.



hereinafter, the interstitial characteristic of the side of the fabric that
forms the interior of liner body 1 10 advantageously permts gel that is 20
appl i ed twotoh®79926 eri or of the liner body 110 to be readi lpgTalsspot9e@ wit hin
the interstices. This type of fabric is comercially available from

MI1liken & Conpany of Spartanburg, jréder the style/pattern No. WO

03/ 079926 PCT/ US03/07980 18 952561- 80 Advant ageously, a fabric
constructed in the afagrenentione ner all ows tHe cushioning material to
enter into 3976 48R e ASaPERISOMSH ca 16 QORYEELpyR t BS t he cushi oni ng

material mgrating through the fabric fromthe interior surface 1 16

across t he #iepfidrtiorfredstianaee alldBis the dushidninglmatedidilitd entéreintaisine oni ng
materi al should be confined to the interior surfaces 116, while the

exterior SL& ee% {héﬁa c?bug fgesflgtw@ {4‘erag§£‘rh|8ﬂ|r§g?{5‘iéﬁéﬂ rﬁl raﬁr@%l mat _erl al

used to formut |ner 'S pre Str in
one or nore, preferably tmn di rections and is 10 capable of adjustlng to
vari ati ons thrpuaby theafabrisi frenpihe inderieissuriiage (1118bacress theepderidtg upon t he
preci se application, the thickness of the textile material (e.g., fabric)

can- goe al tsgirRdeants Whh ltReifihad Pro@idr0 dhére0bhiohity nitrbeal shduradter i al
t hi ckness of each of the first and second side panels 160, 170 is the sane

h | thi ck 180
appr oci at e oPNEPa R L < ARy | Ko BYTR e RERRGES BT SHE of che

first and second. S|de panel s 160, 170 and
free from the cushioning material.

The material used to form the liner body 110 is preferably

elastic (stretchable) in one or more, preferably two, directions and is

10 capable of adjusting to variations in form and size of the residual limb
130. Depending upon the precise application, the thickness of the textile
material (e.g., fabric) can-be altered and while in one embodiment, the
material/material thickness of each of the first and second side panels
160, 170 is the same as the material/material thickness of the distal

15 panel 180, it will be appreciated that the material and/or material
thickness of any one of the first and second side panels 160, 170 and
the distal panel 180 can be different from the other pieces. In one
exemplary embodiment, the thickness of the fabric material used to
construct the liner body 110 is from about 0.010 inch to about 0.200

20 inch. In the embodiment where the fabric material is a knit of polyester

and polypropylene fibers, the thickness of the fabric material is about .04



t he distal panel 180 can be different fromthe other pieces. In one

exenpl ary enbodi nent, the thickness of the fabric material used to

const r uctwoheg/orieer body 110 is from about 0.010 inch to boaiSoDo28® 20
inch. In the enbodi nent where the fabric material is a knit of polyester
and pol ypropyl ene fibers, the thi cknesa of the fabric material is about .04
WO 03/ 079926 PCT/ US03/07980 19 i nch; 8vvever, t he thickness of the

pol yest er/ pol ypropyl ene knit can vary dependi ngl upon the particul ar

appl i cat i ofchadyuayers Hagishicknesgyef the Pmy@@ré@f/ﬁ‘l}’p'iorﬁ’é"‘i‘l%hﬁ'éﬁéﬁ Ya'er 100
of Figs. 9 and 10 provi des a nunber of advantages over the 5 conventi onal

prost heti c depagdingQuisdrowe partioular doplick®ioa. speci fically, the distal seam
18 of the traditional prosthetic |iner 10 has been elimnated by

constructing the present cushion Lin toLt s a distal
panel 180 at the di sAﬁ b%%asﬁ‘fv?gﬁrgﬁéqs.%t%r%@g@ﬁeﬁ%g é%sem?ﬁ%)&giﬁ%re fabric
panels 160, 170 along the circunferential seam 173 that extends 10 around
t he peri phdi0fl otHigs. & andhd Odpravidespameimbiegof adiasiages oyel e formed across

a nmedial section as in the traditional prosthetic liner 10. By elimnating

a distal seaRyERAbN&AIreBaHetRCIRS S ¢ BRodirstaFigend . oMdrbBpeRlRalipethe | i ner,
such as distal seam 18, the wearer of the present cushioned |iner 100

W eh i ¢ AStaheeAn CeAbias GrORBRRbPESetBsth iR { Aeveaeed lnEid%he dista
seam 18 is covered wth a cushioning material.
by constructing the present cushioned liner 100 so that it includes a
distal panel 180 at the distal end 114 that is attached to the two side
fabric panels 160, 170 along the circumferential seam 173 that extends
10 around the peripheral edge of the distal panel 180 instead of being
formed across a medial section as in the traditional prosthetic liner 10.
By eliminating a distal seam that extends across the distal end of the
prosthetic liner, such as distal seam 18, the wearer of the present
cushioned liner 100 experiences increased comfort since the distal seam
15 ° 18 is associated with irritation and general discomfort, even in the cases
where the distal seam 18 is covered with a cushioning material.
It will be appreciated that the distal end 114 of the
cushioned liner 100 does not include a seam that is positioned in a
location where the residual limb 130 will come into contact therewith. In
20 many cases, the residual limb 130 tapers inwardly toward its distal |

stump end due to the natural shape of a leg and as a result of typical

surgical techniques that are employed during an amputation procedure.



It will be appreciated that the distal end 1 14 of the cushioned |iner 100
does not include a seamthat is positioned in a |ocation where the

resi dual Worb/01® wi | | come into contact therewith. |In 20PEaIUsIserses, the
residual linb 130 tapers inwardly toward its distal stunp end due to the
natural shape of a leg and as a result ,of typical surgical techniques that
are enpl oyed during an anputation procg§ure. WO 03/079926 PCT/ US03/ 07980
20 The residual |jnb 130 thus rests agai nst the cushion {é%er 120 in an

area that The fgstdtiah liphe 180 thusiresenegainsktigeushiondavgr 14341 aprdparabl y

contacts the circunferential seam 173 at the nost peripheral portions of

t he resi duahat ismlithddthAtirthmfeenyial e&srh, 118 ervrasast mefdrablypr esent 5
cushioned |iner 100 does not experience a distal seamrunning across
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i s constructeé act t ween e resi and the
circunferential seam 173 is negligible or nonexistent. As previously-

nent i oned, thairesiduak inbeh30 of At the Yeryilaast, the ypearso of shepresaitenel vy~ 10
sensitive area and therefore, the elimnation of any stitching across this

sensig i ve a(8RionddOIEFO@ deus MoraPelibnes atdigtal issaSURFINAY batdsg more
confortable than traditional prosthetic |iners. The cushioning material is

B R A R P B T ek
cushion | ayer 120. The process of
is constructed so that the contact between the residual limb 130 and the
circumferential seam 173 is negligible or nonexistent. As previously-
mentioned, this distal end of the residual limb 130 is an extremely
10 sensitive area and therefore, the elimination of any stitching across this
sensitive area, provides a cushioned liner that is substantially more
comfortable than traditional prosthetic liners.
The cushioning material is applied to the interior surfaces
172, 182 of the first and second side panels 160, 170 and the distal
15 panel 180, respectivély, to form the cushion layer 120. The process of
applying the cushioning material and controlling the thickness of the
cushioning material, so as to permit contouring of the cushioning
material, along the interior surface 116 of the liner body 110, will be
described in greater detail below. Preferably, the cushioning material is

20 applied to interior surfaces 172 of the first and second side fabric panels

160, 170 to coat these panels from the lower edge 164 to the upper



appl ying the cushioning material and controlling the thickness of the
cushioning material, so as to permt contouring of the cushioning

mat er i al ,walogngthe interior surface 1 16 of the |iner boagTABO30MBI | be
described in greater detail below Preferably, the cushioning material is
20 applied to interior surfaces 172 of the first and second side fabric
panels 160, 170 to coat these panels £lom t he | ower edge 164 to the upper
WO 03/ 079926 PCT/ US03/07980 21 edge 162 and |s al so applied. to the
interior s@doactb2apdds alspoapplighio theneeriagsurfage 384, pPbR 8%nt| oned, the
cushioned liner 100 includes the |ayer 120 of cushioning material and has
a formfittjamgl $8ope with an 5 open end 1 12 into which the anputation
stunp 130 nay be introduced, a closed end opposite the open end, an
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are attached to one another and the interior surfac_ee 172, 182 are
i mpr egnat edhailayeral 20 icoshianing nmatediel and hes pr tArmyEting sbape itk ag. |
cushion |l ayer 120) between the anputee's residuum 130 and any prosthetic

devi ge to kfheNsdy 14Qt|ﬁ?@%lcthe%ﬁﬁputaﬁlbﬁ St@f 9B haQ-bel h@rdadeBHONI Ng
material is preferably a polyneric material and in one exerrpl ary
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interior of the cushioned liner 100 is defined by the interior surfaces 172,
182 of the panels 160, 170, 180 that are attached to one another and
the interior surfaces 172, 182 are impregnated with a cushioning

10 material to provide a cushion (e.g., cushion layer 120) between the
amputee’s residuum 130 and any prosthetic device to be worn, attached
to, etc., the residuum 130.

The cushioning material is preferably a polymeric material

and in one exemplary embodiment, the cushioning material is formed of a

15 gel, a thermoplastic elastomer, or a combination thereof. For example,
suitable thermoplastic elastomers include but are not limited to
thermoplastic rubbers, silicon containing elastomers, thermoformable
materials, etc., that provide a comfortable interface between the
residuum 130 and a prosthetic device.

20 In one exemplary embodiment, the cushioning material is a
polymeric gel that is composed of a block copolymer and mineral oil.

The gel that can be used to form the cushioning material can either be a



suitabl e thernoplastic elastonmers include but are not limted to

t hernopl asti c rubbers, silicon containing elastoners, thernoformble

mat er i al sSWoaB07992¢ hat provi de a confortabl e interface bet weagrUSner9se esi duum
130 and a prosthetic device. 20 In one exenplary enbodi nent, the cushioning
material is a polynmeric gel that is cggposed of a block copol yner and
mneral oil. The gel that can be used“fo formthe cushioning material can
either be a WD 03/ 079926 PCT/ US03/ 07980 .22 nonfoaned ge%?on a foaned ge
(which i s protraeed @&l apadopmes 97 (Wiiehis proguced YriPgi2 1RAMING present i n
an anount that is effective to produce a cushioning material having
desired pragent)i eBhénfinéral pié$ eredeny in phesaount thdtrieraffedb toy wei ght based
on total weight, depending upon 5 the precise application. The polyneric

cor tain duPlrd s P BB it Restel rt et e L B et oo o o

for the cushioning material range  from 1-20 on the Shore "A' scale. The
| oner the Bheseatin darpd-850hdy10eigttthasedmn etebweaight, [dapending/ueeR to a
hi gher | evel of plasticizer. Preferably the polyneric gel has a duroneter

(Shose A) thabre@és BBplicitioraPPr oxi mat es human skin and it has been found
that the above duroneter range of 1-20 generally provides the gel materi al

\rl)mr tegeﬁ?i gﬁbgﬁ char a%%rpioﬁytl%%ﬁb r%gteor%? uggg(%gifg}er%tthetchu%h%ﬁgc{ ﬁ‘rlmerOjl bOi S
is characterized by a certain durometer range. According to one
exemplary embodiment, durometers for the cushioning material range
from 1-20 on the Shore “A” scale. The lower the Shore A number, the

10 softer the material, typically due to a higher level of plasticizer.
Preferably the polymeric gel has a durometer (Shore A) that matches or
approximates human skin and it has been found that the above
durometer range of 1-20 generally provides the gel material with suitable
characteristics. In one embodiment, the mineral oil is present on an

15 equal weight basis, or in a weight ratio of 1/4, with regard to the amount
of polymeric material present. The mineral oil is preferably purified
mineral oil and is preferably USP grade.

In one exemplary embodiment, the cushioning material is
formed of a Kraton®-type rubber material (Shell Chemical Co.). For

20 example, the polymeric material can be formed of the following Kraton®

rubbers: styrene-ethylene/butylene-styrene block copolymers or styrene-



15 equal weight basis, or in a weight ratio of 1/4, with regard to the
amount of polyneric material present. The mneral oil is preferably
purified woioserabkeé oil and is preferably USP grade. |n onePexarspd/ensgo

enbodi ment, the cushioning material is forned of a Kraton-type rubber
material (Shell Chemcal Co.). For 20 anple, the polyneric material can
be fornmed of the follow ng Kraton(r) bber s:

styrene- et%l ene/ butyl ene-styrene bl ock copol ynmers or, styrene 03/ 079926
PCT/ US03/ 0 Pdiggene/prepvigne e 6ppelmersanckareopiiivhis & HiRIoGr 8 dvai | abl e in
triblock and diblock form The polymeric cushioning material can also be a
bl end of IdilbekFodmrubbers and oils, such as mneral oils, (including
typical 5 stabilizers) which provide an average duroneter of from 1-20.

These bl ends typical ar i I r dus onet er
(1-10 of the Shore -HA}'/G gélgp‘(eﬁc}(cgﬁgﬁhg&r"ﬁbrﬂfgpeﬁg‘\lli%%}gq é;g%?)ghé;pﬁggr%(net er
(e.g., 1 1- 20). The blends are preferably capable of being stretched 100%
or nore bdfratan® athbieny anddilsr suehpabnmestl gilsoingiludjng t¥Bicdl fit to the
residual linb 10 due to their inherent elasticity. Further, |ow duroneter

Kraten(r) rehpssrs) @\nﬂc@tda_@\r/idase_treé\b@b§e IRMEMcBePEPHoHE 1LPE, ClsdiieOni Ng
mat eri al disposed of the interior 1 16 of the cushioned liner 100 with a

Form 11t oVl NECOIDEES BEmndar! § PP PR 3 BTy RETSHat L dont act -
bet ween t he cushi oni ng
of the Shore “A” scale) and a rubber hgving a higher durometer (e.g., 11-
20). The biends are preferably capable of being stretched 100% or more
before tearing and are capable of providing a form fit to the residual limb
10 due to their inherent elasticity. Further, low durometer Kraton® rubbers
and other materials tend to provide the cushioning material disposed of
the interior 116 of the cushioned liner 100 with a sticky feeling which
enhances the ability of the cushioned liner 100 to be form fitted against
the residual limb 130 due to the intimate contact between the cushioning
15 material and the skin.

In ;)ne exemplary embodiment, the polymeric material is a
styrene isoprene/butadiene block copolymer or
styreneethylene/butadiene-styrene block copolymer. Suitable polymeric
materials, having the aforementioned desired properties, are

20 commercially available from a number of sources. For example,

polymeric materials commercially distributed under the trade names C-

Flex 1970-W5 (R70-339-000), C-Flex 1960-W5 by Consolidated Polymer



15 material and the skin. In one exenplary enbodi nent, the polyneric
material is a styrene isoprene/butadi ene bl ock copol yner or

st yr eneetWwoloaneybut adi ene- st yrene bl ock copol ynmer. Suit ablPeTpshyom®so c
materi al s, having the aforenentioned dﬁ% red properties, are 20
commercially available froma nunber off’sources. For exanple, polyneric
materials commercially distributed under the trade nanes C- 1970- Vb

Fl e
( R70- 339- 00®rhnelogies,of bargond LhgnEyndsl thatrade prnyendyatay @éﬁ@ﬂgé‘ée
PCT/ US03/ 07980 24 Technol ogi es of Largo, FL and under the trade nane

Kraton Gl &klbgherbltel ICoChegistithbleoforalse inUrodatingf the egshibmingr oduci ng t he
cushioning material. The ratio of polynmer to mneral oil wll vary
dependi ng Q{Eriaﬁ the precise application and upon the desired
characteristrcs of the cushioned |iner 100. Cenerally, the ratio of
polynmer to mneral oil can be fromabout 1:1 to about 4:1. |n addition to
usi ng styrenei sopr eddebi@tiedeepelysrersioymitasale@ih yyill vary gepending- 4Rsft ene

bl ock copolynmers (mxed with mneral oil), other suitable polyneric

mat el al s kReighivd Rpplivagae ahtt alirenfs gbsifnehaRddiarstidsher trepl astic
el astoner or ‘thernoformable material that is capable of being blended with

cushi oni ng CUFBRBERANEa Pbl Bengye 8¢ FAgher PRDHGRE HUBFIALati G,
M xtures of all of
be from about 1:1 to about 4:1. In addition to using
styreneisoprene/butadiene or styrene-ethylene/butadiene-styrene block
copolymers (mixed with mineral oil), other suitable polymeric materials
10 include styrene-butadiene-styrene and any thermoplastic elastomer or
thermoformable material that is capable of being blended with mineral oil
and can perform the prescribed function of providing a cushioning
material suitable for use in the intended applications. Mixtures of all of
the aforementioned polymers can also be used to form the polymeric
15 cushioning material.

In one preferred exemplary embodiment, the cushioning
material is a polymeric material that has gel-like characteristics and is
formulated as a blend of a polystyrene-poly(ethylene-ethylene/propylene)-
polystyrene block copolymer (SEEPS) and oil, such as one or more

20 mineral oils. A suitable gel-like cushioning material formed of a SEEPS

copolymer/mineral oil blend is commercially available under the trade

name PolyGel 51299 from PolyGel LLC of Whippany, New Jersey.



t he aforenentioned polynmers can also be used to formthe polyneric 15
cushioning material. In one preferred exenplary enbodi nent, the cushi oning
mat eri al wWe caopokgmeric material that has gel -1ike charactreritsps/e®sand i s
fornmul ated as a bl end of a pol ystyrene, %ol y(et hyl ene-et hyl ene/ propyl ene) -
pol ystyrene bl ock copol ynmer ( SEEPS) an& oil, such as one or nore 20 m neral
oils. A suitable gel-like cyshionin terjal formed of a SEEPS

copol yner/ mineral oi I-llITﬂ %'1‘1%"?'%'”5 Erg?ésr PPORRIeFEAISe thitdPet he trade name
Pol yGel 51299 from Pol yGel LLC of Whi ppany, New Jersey. WO 03/079926

PCT/ USO3/ OZ28hion2ad lifer 1TAG kbanrbenglated @n the iesidilad dindell 80t iadswxt away t he
cushioned liner 100 can be placed on the residual linb 130 in such away

that the p%%fﬁ{é'f g?%é‘rﬁé maﬁgﬁﬁsd tng{&%@gé’@;)iﬂgfetﬁéﬁd Ki gy SAmgganpl e,

it is desirable the cushrone I ner capabl e of 'being rolled 5
before the _cushioned |iner 100_is(PLaced on the residual |inb 130 and/or
prost het i ¢ idisvdesirablgifemthegaisinioned tiner $0910RE AaPakleafikging sollgdo

designed to provide beneficial noisture to the residual |inb 130 during

the weari ngepbre e SusHIbREEANET 100 id Pacdborakigresitiigl b 3Miand/ormat er i al
may include antioxidants, such as vitamns A B, and C or any 10 ot her

2gent s can e° SRHEESALE R BB e e 8itnadielin 888G 11 ner 300
to soothe the skin of the residuumduring wear.
designed to provide beneficial moisture to the residual limb 130 during
the wearing of the cushioned liner 100. Moreover, the cushioning
material may include antioxidants, such as vitamins A, B, and C or any
10 other antioxidants commonly used in polymers. In addition, skin
conditioning agents can be added to the polymeric material of the
cushioned liner 100 to soothe the skin of the residuum during wear.
Such skin conditioners include mineral oil, baby oil, etc., which can be
added to the polymeric material prior to its application to the liner body.

15 Also, astringents, biocides, medicaments, etc., can be added or applied

to the cushioning material to avoid infection or heal sores, etc.

Figs. 7 and 8 illustrate alternative embodiments for forming
the cushioned liner 100. In both of the illustrated embodiments, a
20 feature is incorporated into the cushioned liner 100 for limiting the
elasticity of the cushioned liner at its distal end portion. More
specifically, it is preferred to limit the elasticity of the cushioned liner

100 at the distal end portion since during normal use, the wearer is able



Such skin conditioners include mneral oil, baby oil, etc., which can be
added to the polyneric material prior to its application to the |liner body.
15 Al so, wetmsiomeyent s, bi oci des, mnedi canments, etc., can bePpatdsds/emsappl i ed
to the cushioning material to avoi d |nf%ct|on or heal sores, etc. Figs. 7
and 8 illustrate alternative enbodi rrentzs for formng the cushi oned i ner

100. In both of the illustrated enbqdi 210 feature 1S incorporated
into the cUSHEhHEY Wﬂgpng@%nﬁbﬁtrpf% ?J?”ﬁ?f gﬁéfﬂ eéTcgEPTtlﬂnt'y%st t he cushi oned
liner at its distal end portion. More specifically, it is preferred to

limt the edtesthioigtgarofeadhi® amsihiconddrthbleceel 28 @hatwedrer ds stadkingroat porti on
since during normal use, the wearer is able WO 03/079926 PCT/US03/07980 26

to feel th%tﬁeﬁmsegﬁ%b{.eﬁr B4 AL delfaBloSoAmAAPRLd kOt Thi S

stretching can lead to an unco as the wearer s wal king or
otherwi se in nption. is therefore desirable to limt the degree of

el asticity Shastigiy af ﬁi%ﬂ'séﬁoe%la?itt%‘ By agddinghg simplenyeteetfeetivg f @i ve "anti
5 stretch"” feature to the cushioned liner 100. In the enbodi ment of Fig. 7,

thi s § s acargtbhshestuby tedde mAishiyrddingeryod. 1 1 to one or nore sections of
the liner body 1 10 prior to the cushi oni ng naterial bei ng applied

St 1ohing that  ext end? GETISSTG Fi0- 716738 BgbBriennd BYad of “Gne

of the first and second fabrlc S|de panel s 160, 170 of the liner body 110.
The enbr oi denlroideryf Uhtitp o asmuogasections of the Tiner body 110 prior to the

cushioning material being applied thereon. For example, the embroidery
111 can be in the form of vertical stitching that extends along a length of

10 the distal end portion of one of the first and second fabric side panels
160, 170 of the liner body 110. The embroidery 111 functions as “anti-
stretch” feature due to the embroidery 111 itself having a very low
elasticity value. Preferably, the embroidery 111 extends completely to
the lower end 162 of the one lateral piece 160, 170 and in one

15 embodiment, the length of the embroidery 111 is between about 3 inch
and about 7 inch (however, the aforementioned lengths are merely
exemplary and not limiting).

While the embroidery 111 can be located anywhere along

the distal end portion of one of the side fabric panels 160, 170, the

20 embroidery 111 is preferably formed on top of one of the side seams
171. The side seams 171 represent sections of the liner body 110
where the elasticity in the longitudinal direction is already reduced or

limited due to the very fact that the side seams 171 are formed of



stretch"” feature due to the enbroidery 1 1 1 itself having a very |ow
elasticity value. Preferably, the enbroidery 1 1 1 extends conpletely to

t he | owerwend/o192s of the one | ateral piece 160, 170 and i RCOMES0I07980

enbodi ment, the length of the enbroidery,1 1 1 is between about 3 inch and
about 7 inch (however, the aforenentiorfegd | engths are nerely exenplary and

not limting). Wi)e the enbroidery 1 1 1 can be |ocated anywhere al ong
t he di st al sghah'ﬁ‘@r4W|HﬁﬂgT”'B§1@h%P%§¥f§'t¥iQféthWFg’oﬁé(n 1Q alepd thegeamne 20
enbroidery 1 1 1 is preferably forned on top of one of the side seans 171.

The side sdangth)l’Theepmbseaiderysddtli tus sHrvédeo supplentattythkblélastidiey e t he
elasticity in the longitudinal direction is already reduced or |imted due
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1 10 along the seam length). The enbroidery 1 1 1 thus serves to
suppl enent 'eRgitediagt elastigity (of e idigfab pad Aeréensti cs of the side seam 171
and reduces the overall longitudinal elasticity of the distal end portion.

5 In®ne enbodi ment, |hWhelémbblfhestaWParktiatt 68btiOSI6f ¥rdbrdidery ariel f or med
along the distal end portion and are spaced about 180 apart from one

fhe two si dEqained PN i Birtar e PP Aan b sareasaPort SRR hot her
However, it will be understood that nore than two
from one another. Preferably, the two sections of embroidery 111 are
formed on the two side seams 171, which are orientated about 180°
from one another. However, it will be understood that more than two
10 embroidered sections 111 can be formed at the distal end portion and
that the embroidery 111 is not limited to being formed on the side seams
171. For example, four embroidered sections 111 can be formed and
spaced at predetermined intervals from one another (e.g., 90° apart from
one another). Fig. 7 illustrates one type of stitch pattern that is used to
15 form the embroidered section 111; however, any number of different
stitch patterns can be used to form the embroidered section 111. By
varying the stitch pattern, the elasticity at the distal end portion is
likewise varied. In other words, some intricate stitch patterns result
reduce the elasticity of the distal end portion greater than other stitch
20 patterns that have more simpler configurations.
Fig. 8 illustrates yet another manner of incorporating a

feature for limiting the elasticity of the cushioned liner at its distal end

portion. In this embodiment, the “anti-stretch” feature is in the form of a



1 0 enbroidered sections 1 1 1 can be forned at the distal end portion and
that the enbroidery 1 1 1 is not limted to being forned on the side seans
171. For wwanpb®2e f our enbroi dered sections 111 can be foreEdsasiarsspaced
at predetermined intervals fromone anggher (e.g., 90 apart from one

another). Fig. 7 illustrates one type Or stitch pattern that is used to 15
formthe enbr.oidered section 111; however, an mber of . different stitch
patterns céﬁt'ﬁr?}ggoel?@e%?'n?'t 8 %W%ﬁegeérgﬂséggﬁw S%nlelnf)'. IBONearying t he
stitch pattern, the elasticity at the distal end portion is |ikew se

vari ed. | neothmtiment.dsne someorendtrips at 63 sf inbokstpaiichetyps metarlal (i.¢.educe t he
elasticity of the distal end portion greater than other stitch 20 patterns

that have ﬂgr&nSdarmﬂ)@%t@%mey%w@%&dméuy £ Gned HeUfst 3hBSstBhdadaphier
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manner of corporating a re for [imting the elasticity o
cushioned ljiner at its distal end, portion. In this enbodi nent e

"anti - st r eflP PRRARIE (RO, %7ﬁ5 @t ithe digeheod Porien @é/tb?é@EB%PéY/f}:%s}r 80 28
anti-stretch elenent (i.e., an elongated anti-stretch elenent). In one

enbodi ment typaef ehatepiabasts aPan riadtiaftraten” Seakirelasty pesutbbthaktrp . e.
nyl on) can be attached longitudinally to one of the first and second fabric

side_panel 5 460, 170, 8t 107 SIHEAY. Sl PR 8Aboliofld 366 AN 0. Thi s

5 type of material acts as an retc feature as’'a resu
strip material having a |low elasticity value. In one enbodinent, the strip
1 13 is fd fesanest oh aﬂw tyneemaieriali alloor typppratepal. it eprbinaiiony
conbi nati on
thereof or the anti-stretch element can be in the form of nylon webbing.
As with the embodiment of Fig. 7, the length of each strip
10 113 is preferably between about 3 inch and 7 inch; however these
lengths are merely exemplary and not limiting. In one embodiment, two
distinct strips 113 are disposed along the distal end portion and are
spaced about 180° apart from one another. Preferably, the two strips
113 are formed on the two side seams 171, which are orientated about
15 180° from one another. However, it will be understood that more than
two strips 113 can be formed at the distal end portion. For example,
four strips 113 can be formed and spaced at predetermined intervals
from one another (e.g., 90° apart from one another with two being
placed over the side seams 171).
20 The size of the cushioned liner 100 can be varied depending
upon the dimensions of the residual limb to be enclosed by simply

proportionally varying the dimensions of the pattern which is used to cut

and form each of the first and second side panels 160, 170 and the distal



t hereof or the anti-stretch elenent can be in the formof nylon webbing. As
with the enbodinent of Fig. 7, the length of each strip 1 0 1 13 is

pr ef er ablwolabmween about 3 inch and 7 inch; however thesePCrarsgs/omsar e
merely exenplary and not limting. In enbodi ment, two distinct strips
1 13 are disposed along the distal end"portion and are spaced about 180

apart from one t her. Preferabl t he t strips 1 ar orred on the
two side sd@tg! ?%@ ﬁ)n?ﬁ}‘?’a'?’%r rité?\ﬁ%ﬁﬁﬁa btg&tcu%ori%%ﬁp?roﬁpéng HRot her .
However, it will be understood that nore than two strips 1 13 can be
formed at tdfehdieshbbdiemehtpatisilosed Rereimxanplasy anidotive swshipsed lingr can be
formed and spaced at predetermned intervals fromone another (e.g., 90
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The size of the cushione I ner 100 can be varied dependi ng "upon ‘the
di mensions of the residual |linb to be encl osed si ppl proportional ly
varyi ng t hélrRgridieimessianeoh e ratiems pd to uéréﬂ thg %EE anfgﬁ&C% m each
of the first and second side panels 160, 170 and the distal WO 03/079926
PCT/ BS03/ 0#QBfic sife paneb 11630. 170 avidnidie dietalpiedene8Denigt tn@kexéimplaryshi oned
i ner 100 of any of the enbodi nents disclosed herein can vary and the
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first and second 5 fabric_side panels 160, 170 and the distal piece 180. In
one exenpl dpyabout 20 inch. Typically, the cushioned liner 100 is constructed to

have a prescribed length and then the individual wearer’s can modify the
length of the cushioned liner 100 by simply cutting and removing an

10 upper portion of the article. In this manner, the cushioned liner 100 can
be initially produced to have a length that fits or can be easily modified
to fit a large percentage of the potential customers.

As will be described in great detail hereinafter, the thickness

of the cushioning material can vary along the interior surfaces 172, 182

15 of the first and second side fabric panels 160, 170 and the distal panel
180, thereby permitting thickness variations in prescribed areas where
additional cushioning is desired to provide added comfort and protection
or where less cushioning is desired due to other practical considerations.
The overall thickness of the cushioned liner 100, that is the sum of the

20 thickness of the textile liner body 110 and the thickness of the cushion
layer 120, is between about 2 mm and 19 mm, according to one
exemplary embodiment. [t will be understood that the foregoing

measurements are merely illustrative and do not limit the scope of



enbodi ment, the cushioned liner 100 has a | ength between about 8 inch to
about 20 inch. Typically, the cushioned liner 100 is constructed to have a
prescri beaoloangwke and t hen the individual wearer's can no@cCyusndier9st engt h
of the cushioned liner 100 by sinply cq&iing and renovi ng an 10 upper
portion of the article. In this manner,”1he cushioned |liner 100 can be

initially produced to have a.length t fits of can be easily nodified to
fit a |argP BEELER %fﬁethéfc%s%éo’lﬁff@h‘?ri E&bcu&%LEfe AL Paﬁé‘é/"ﬁ%rscri bed in
great detail hereinafter, the thickness of the cushioning material can
vary al ong dgpdicatives ivehierswr flaclasesk7/@utsikB2of e aforehenftionstd andeseaynd si de
fabric panels 160, 170 and the distal panel 180, thereby permtting

t hi ckness Vdaerjj@éiws in prescribed areas where additional cushioning is
desired to provide added confort and protection or where |ess cushioning
is desired due to other practical considerations. The overall thickness of
the cushi oned |iner 19®Verghaetheds pan SgHsed thaprnly thei Uehilngf the textile
| i ner body 110 and the thickness of the cushion |layer 120, is between

abouts 2 mMMmraatkrikd toTthe digePbEUNY Ove BfethodX &Rl curivetibadl dipping It W I 1 be
understood that the foregoing neasurenents are nerely illustrative and do
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t hi ckness outside of the aforenentioned range ma be desired.

the cushioning material which exists in a liquified or molten state. The

liner body is dipped into the cushioning material at a prescribed angle

relative to the surface of the molten or liquified cushioning material so

10 that the cushioning material extends up the liner body from the closed
distal end to a further extent on the side of the liner body. The liner body
is then manipuiated in the liquified or moiten cushioning material to
effectively coat the surface of the liner body with the cushioning
material. When the cushioning material is applied in this manner, the

15 liner body has likely been inverted so that the interior surface is actuélly
the exterior surface that is exposed to the liquified or molten cushioning
material. After application of the cushioning material by dipping the
inverted liner body into the liquified or molten cushioning ma;terial and
permitting the cushioning material to sufficiently cool, the coated liner is

20 then inverted again so that the surface that has the cushioning material
applied thereon becomes the interior surface of the cushioned liner.

Prior to inserting (i.e., dipping) the liner body into the

liquified or molten cushioning material, a mandrel or the like is inserted



Several nethods can be used to apply the cushioning 5 material to the

| i ner body. One nethod uses conventional dipping techniques in which the
cl osed diwpaB/oenads of the |iner body is dipped into the cu®hirarsosigrosat eri al
which exists in a liquified or nolten ate. The |liner body is dipped into
t he cushi oni ng material at a prescribed angle relative to the surface of

the nolten.or qui fied cushioping materi a t hat i oni ng

mat eri al ei?@nﬁ%e \Weftﬁ'g linex OJ&OYR/SJ‘F?T(?E\ "E”Pfi: 6?%93 he “B%bﬁgygﬂd %o a further
extent on the side of the liner body. The liner body is then manipul ated

i n the |iqunfenelddaubotartsirapeushie mangireleisahuala taol thét petrmmielypareanh t he
surface of the liner body with the cushioning material. Wen the cushioning

material | Stoauﬁﬁ lthg4inlef bbay%n{@%ep uitiB8 orimoltb %rushgﬂw %"f‘ﬁatbhgﬁ' y been

inverted so ERECI neerior surface I's act ua xterior surface
that is exposed to the liquified or nolten cushioning _material. After

appl i cat i oVBRO¥hexReRIRg SHE Merrtt & PAY Weﬁﬁﬁiﬁfb{d'%lﬁe Thepe3ndsa! isi ner body
into the liquified or nolten cushioning material and permtting the

cushisoni ng theh ehadibuladed wbf thait éhé lkexpesed suifbees adtthd linenebdy airddn t hen
inverted again so that the surface that has the cushioning material
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cushioning material, a nmandrel or the like is inserted MO 03/ 079926

PCT/ US03/ 0 tbgdines bodytaart he repaasediyadippae sobasiio effestivelychuilshdp shape t he
liner body to its

thickness of the cushioning material.
One of the disadvantages of the dipping method is that

10 control of the thickness of the cushioning material is rather an arduous
task and marked by a level of imprecision due to repeatedly dipping the
liner body to build-up the coating. Further, the liner body must be
inverted before and after the cushioning material is applied to the liner
body. Afte,r the cushioning material has been applied and allowed to

15 cool, the final inversion of the cushioned liner can cause folding, crazing,
or other imperfections to form in the layer of the cushioning material.

In addition to the application of the cushioning material to
the liner body by dipping the liner body into liquified or molten cushioning
material, the cushioning material can be “painted” onto the liner body or

20 it is also possible to dissolve the polymeric material in a solvent followed
by application of the solvent to the liner body with subsequent
evaporation of the solvent, thereby leaving a layer of cushioning material

formed on the liner body. This method is also marked by a degree of



i nt ended tubul ar shape. The mandrel is thus a tool that permts a person
to dip the liner body into the liquified or nolten cushioning nateri al

wi t hout ewpasiory2¢ he person to any unnecessary risks. ThePgarnso#d7986 5 t hen
mani pul ated so that the exposed surface:}sz of the liner body are in contact
with the cushioning material. In order 10 increase the thickness, the

i body . be. tedl y.di 1 ffectivel il d- th
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is applied to the liner bo After th ioning material has
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the cushioning material. In addition to the application of the cushioning
mat erd al t eembbdimdmethdedghionirdj pritadaltisapblieg undedyrésyue langusf i ed or
nolten cushioning material, the cushioning material can be "painted" onto
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conventional methods of applying the cushioning material, including the
aforementioned dipping process. The thickness of the cushioning

10 material can also be varied in select regions of the liner body so as to
provide additional or less cushioning in the selected regions.

Another method for applying the cushioning material is
commonly referred to as an “open pour” process in which the cushioning
material is poured into a form and the material settles due to

15 gravitational forces. The disadvantages of this process are that it offers
little or no precise control of the thickness of the article and also a poor
bond results between the fabric and the material.

An apparatus 200 for applying the cushioning material under
pressure to the interior 116 of the liner body 110 is illustrated in Fig. 12.

20 The apparatus 200 includes a base member 210 and a positionable
mandrel 220. The base member 210 has a cavity 230 formed therein
and has a predetermined shape and predetermined dimensions that can

be varied according to the precise application. The base member 210



32 inprecision relative to formng the cushioning material to a desired

t hi ckness. Yet another nethod of applying the cushioning material to the
| i ner boawob3a®%e illustrated in Figs. 12 through 20. | nPCRIESIH07980

enbodi ment, the cushioning material is %ppl i ed under pressure and is done
in such a way that the thickness of thg cushioning material can be

controlled to a nuch greater degree of precision conpared t conventi onal
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di ppi ng process. The thickness of the cushioning 10 material can al so be
varied in selviet23@@s defined bi/resliroandipgdytrisciues 26Q, vphiohiidehaddi ti onal or
| ess cushioning in the selected regions. Another nethod for applying the

cushi oni ng ilﬂ];s;tf‘artké"erﬁéodi %‘EYvérﬁESlrﬁcg&sliﬁ@ tHat Hals E%F?F‘cgmﬁlﬁ'r’ér'{tié?r ocess in

whi ch the cushionrng naterial i s poure ormand the materi al
settles due to 15 gravitational forces. The disadvantages of this process
are that iw©user aurdace 28 andhan dongry ewiface 28Rt (cavityrwallathahidekinegs dhef t he

article and also a poor bond results between the fabric and the nmaterial .

An appar at wavaQQR30r Trplettiagl hbesisy ABDhNghsaEardmin ende31 phéssure to
the interior 1 1 6 of the liner body 1 10 is illustrated in Fig. 12. 20

The apparat us 200 ilnclqdes ad?ajgie menber 210 and a positionabl e nandrel
220. The bXPEOREIHELETFRIL dvity 230 fornmed therein and has a

predet er mi ned shape and predeterm ned di nensions that can
In the exemplary embodiment, the base member 210

includes a first plate 237 which defines the upper surface 212 and a
spaced second plate 229 with a number of legs 235 extending between

10 the first and second plates 227, 229 to support the first plate 227
relative to the second plate 229. The vertical housing 232 extends
between the first and second plates 227, 229 and can extend through
complementary openings formed in one or more of the first and second
plates 227, 229. The vertical housing 232 preferably is arranged in a

15 central location of both of the first and second plates 227, 229 such that
the legs 235 are located radially around the vertical housing 232. It will
be understood that a number of different constructions are possible for
the base member 210 so long as the base member 210 includes the
cavity 230. The base member 210 can be formed of a number of

20 materials so long as the material that defines the cavity 230 can be
exposed to the elevated temperatures that are required to produce liquid

or molten cushioning material without being damaged or otherwise



be varied according to the precise application. The base nmenber 210 WO

03/ 079926 PCT/ US03/07980 33 has an upper surface 212 that is preferably
pl anar i rwpasor®and the cavity 230 is defined by a surr®amdiSegom™s0e uct ur e
232, which in the illustrated enbodirrg t is a vertical housing that has a
circunferential outer surface 234 and™an inner surface 236 (cavity wall)
that defines the 5 cavity 230. The vertical .housing 232 thys, has an open
end 231 anﬂnaﬁ”e%'p&ﬁ{eﬁ@g'bﬁ 6@%@3§%&?{HL9§2FOH PH@%@&)P&‘%@I enbodi nent ,

t he base nenber 210 includes a first plate 237 which defines the upper
surface 21bhatedala spaced second plate 229 with a nunber of |egs 235
extendi ng between 10 the first and second plates 227, 229 to support the

first plate 227 rel dihaig, 1 carEpBEP I sindhicdlifely Gohhedlediusing 232

extends between the Tir econd plates can extend

t hrough conpl enentary oPeni ngs fornmed in one or nore of the first and
second pl ar@suppy sopas (npReshpayn) uah KsidhaFayty $3@1canabe placedar r anged in
a 15 central location of both of the first and second plates 227, 229 such

that 5 t he Lpdsr 33mcalmm boesleed tindel alitig ahe precddseforergplygiah theusi ng 232. |t
wi |l be understood that a nunber of different constructions are possible

cavi ty 230 CRHET DR eRR Y b T OF T RE By R v al s
so long as the material that defines the cavity 230 can be
preferably applied near or at the distal, closed end 233 of the cavity 230
to provide a force to assist the placement of the liner body 110 within
the cavity 230. More specifically, one or more vacuum ports (not
10 shown) are formed in the vertical housing 232 and in communication
with the cavity 230 at or near the distal closed end 233 thereof. A
conduit (e.g., tubing) can connect the vacuum ports to the vacuum
source. When the vacuum source is actuated, air is withdrawn through
the vacuum ports, thereby resulting in a pressure reduction in the distal
15 end of the cavity 230. As will be described hereinafter, the liner body
110 is inserted into the cavity 230 such that the closed end 114 of the
liner body 110 is inserted first and is positioned near or at the closed end
233 of the cavity 230. Because it is desirable to open up the liner body
110 so that it assumes a more tube-like shape, the actuation of the
20 vacuum source causes the fabric material of the liner body 110 to be

pulled toward the cavity wall of the cavity 230. The vacuum source

thus serves to properly locate the liner body 110 within the cavity 230



exposed to the elevated tenperatures that are required to produce liquid
or nolten cushioning material w thout being damaged or ot herwi se WO

03/ 079926WB@3h8R3/ 07980 34 inpaired. Preferably, the baveTnsSobers®10 is
formed of a netal material. Opti onall%5 the cavity 230 is conmunicatively
connected to a vacuum source (not shown) such that the cavity 230 can be

Cuehi oni g (ree @PRHION S FRS=i Hok clasey a0 ePlr! Larane ing: badw s’ "0 '

preferably applied near or at the distal, closed end 233 of the cavity 230
t o provi de ad therctesedoeras 288t oft the phvdte280%. of the liner body 1 10 within
the cavity 230. More specifically, one or nore vacuum ports (not 10 shown)

are formed in the verticaln BNYASIZ? olihi SHENNGCAAIRG o Hidkibrdhe

cavity 230 at or near the dista ose thereof. A” conduit (e.g.,
tubi ng) can connect the vacuum ports to the vacuyum source,_ Wen the vacuum

source is #&lanead sesondendeRdinaiis fereivemh WIHUEN FhE fan Yo eQ duingr eby

resulting in a pressure reduction in the distal 15 end of the cavity 230.

As wel | be thepes tdudo g stiimgf ther cusHien Inmareriabtidyhe intéfof 4 1iGnsfetiieed i nto t he
cavity 230 such that the closed end 114 of the Iliner body 1 10 is inserted

Becaus | 1 1e” Bty e THE Yslip Bly (RDFHLEFTABHS hed MeBs el Looimes
a nore tube-like shape, the actuation of the
shape relative to the cavity 230 so that at least a predetermined length
of the mandrel 220 can be inserted into the cavity 230. In one
exemplary embodiment, the mandrel 220 has a generally annular cross-
10 sectional shape with the second end 222 terminating in a smooth
rounded portion.
The cross-sectional dimensions of the mandrel 220 are
preferably not uniform from the first end 221 to the second end 222.
More specifically, the width of the mandrel 220 préferably varies along
16 its length such that the mandrel 220 has a greater wi‘dth near the first
end 221 than at the second end 222. The mandrel 220 can thus be
thought of as having an inward taper from the first end 221 towards the
second end 222. While a number of different materials can be used to
form the mandrel 220, the mandrel 220 must be formed of a material
20 that can withstand the elevated temperatures of the liquid or molten

cushioning material (e.g., 300°-400°). In one exemplary embodiment,

the mandrel 220 is formed of a metal material.



20 vacuum source causes the fabric material of the |iner body 110 to be
pull ed toward the cavity wall of the cavity 230. The vacuum source thus
serves t owproepemdkey | ocate the |iner body 110 within the c®&ertuso2EO8OND
03/ 079926 PCT/ US03/07980 35 (i.e., S\#%I on and retain the closed distal
end 114 of the liner body 110 at the closed end 233 of the cavity 230) .

The mandrel 220 is a a tructure havin first en and a
second end 222 that i g‘é%i ?fé‘gzél 1t ¢ the mandegl; 2%60%?9%3 to5a A&€ pr ocess

of applying the cushion material to the interior 1 16 of the liner body
110. The exZd®lthayimturdrezdn 22@ohhesteda® a largepkizedrtugpyrt plagfoent BR&t i ve to
the cavity 230 so that at |east a predetermned length of the mandrel 220

can be 'nset'hh gsgrgfgrém d?rﬂ)éh&%n%&%o ﬂh%t%%)éte‘??é@r%rgé Iﬁf@g&' [ﬂﬁﬂ%} tthe

mandrel 220 gener IIy annul ar cross sect1ona

second end 222 termnating in a snmooth rounded portion. The
cross-secti®hbl dinensions of the mandrel 220 are preferably not uniform
fromthe first end 221 to the second end 222. More specifically, the width

of tie mandrel 220 premhehadHdrelv220es pahodla E9stdrh thehgidiugecd that the
mandrel 220 has a greater WI dth near the first end 221 than at the second

From the 1 atralts Tos FAsTRR abe oo U RO ShartusB 2 20l s R T o1
different materials can be used to
cavity 230. In one exemplary embodiment, the mandrel 220 is
pneumatically operated by a programmable control unit that adjusts the
position of the mandrel 220. In this embodiment, a pair of pneumatic
10 cylinders 250 with drivable pistons 252 are disposed around the vertical
housing 232 that includes the cavity 230. First ends of the pistons 252
are connected to the support platform 225 such that when the pistons
252 are pneumatically driven, the pistons are either extended or
retracted within the cylinders 250, thereby causing relative movement of
15 the support platform 225 and the mandrel 220 which is attached thereto.
Because the mandrel 220 is axially aligned with the open end 231 of the
cavity 230, the retraction of the pistons 252 causes the mandrel 220 to
be drawn into the cavity 230.
Since the complete system is preferably a programmable
20 computer controlled system, the precise coordinates of the mandrel 220

can easily be determined and monitored. Accordingly, computer

controlled logic can be used to lower and retract the mandrel 220.



formthe mandrel 220, the mandrel 220 nust be fornmed of a material 20 that
can withstand the el evated tenperatures of the liquid or nolten cushioning
mat eri al W0.03/0799300- 400). I n one exenplary enbodi ment, tRETrENs0®BO 220 i S
formed of a netal material. WO 03/ 0799%? PCT/ US03/ 07980 36 The first end
221 of the mandrel 220 is connected to base 223 that in turn can be

connected to a larger_sized suppor | atform that.is preferably
di mensi oned so that iﬁeféf(f%ﬁhﬁ%e&:r%s@‘et'ﬂ?rfqrrﬁféﬁfégﬁ lings pody 1I'L(g'smandrel
220 is part of a systemthat includes a controller for adjusting the

posi ti on ofcdalbed nEtiditied cRgRiondtgaimateridldntthe folawiity nZdtherlwhiche exenpl ary
enbodi nent, the mandrel 220 is pneumatically operated by a programabl e

control unid, that tf?aqjtﬂﬁttﬁiénléh%ss%(?%gﬁ | h mﬁ&%&%@&g[ ﬁim 200 orftholfeld S

enbodi ment,” a pal r of pneu I'cC 10 cylinders drivable pistons 252
are di sposed around the vertical housing 232 that includes_the cavity 230.
Fi rst ends Withtineregpe pogeismrcomparagoiteetantianal fiechnigyest Tedinesr m 225
such that when the pistons 252 are pneunmatically driven, the pistons are

ei theg ext edgdl P0 is pRdeRCIngd thk ldaiity tABD QVith Bie dfstdbostaenaby14ausi ng
relati ve novenent of 15 the support platform 225 and the mandrel 220 which

open end 23618 TR Bty SN Parust ronTof PReY R brE®e2 causes
the mandrel 220 to
properly located within the cavity, preferably by actuating the vacuum
source to cause the liner body 110 to be drawn towards the cavity wall
236 of the cavity 230. In this manner, the liner body 110 assumes a
10 more tube-like shape with the side panels 160, 170 be drawn apart from
one another.

The cushioning material is heated to an elevated
temperature that is above the point at which the cushioning material
turns to a liquid or molten state and then the liquid or molten cushioning

15 material is introduced into the inside of the liner body 110 by any number
of conventional techniques, including injecting or otherwise feeding the
cushioning material into the liner body 110. As previously-mentioned,
the entire system is preferably a programmable, computer controlled
system which is capable of determining the amount of cushioning

20 material that needs to be introduced into the liner body 110 in order to
provide a cushioning layer 120 having a predetermined thickness. The

amount of cushioning material that is introduced is determined based

upon a number of factors that are inputted into the system, including but



be drawn into the cavity 230. Since the conplete systemis preferably a
programmabl e 20 conputer controlled system the precise coordinates of the
mandr el 280 030z92€asi |y be determ ned and nonitored. Accordirighy9798@nput er
controlled | ogic can be used to | ower 3 d retract the mandrel 220. WO

03/ 079926 PCT/ US03/07980 37 Referring™to Fig. 3, the interior 1 16 of the
| iner body 110 is ,coated wth the shj.oni n rial jn the follow ng
manner whi CQt ligpted by tﬁ‘ﬁ’a‘ﬂ'”’t%‘qr}ﬁ Eﬁﬂ'«‘%gn?ffb‘?%nqg(@sﬁﬁ%d"ﬁ‘ﬁnﬁ'ﬁpérqfal can be
controlled wth increase precision conpared to conventional techniques.
The |iner FhéodyndrellQ20s tipe adadnsiohs dfiteecmvitlyy2 230the tiésitdtethdckneds cl osed
end 1 14 being inserted first into the cavity 230 and the liner body 1 10

is then pr I o} ed Wthin the cavity, preferably by actuating the

vacuum sog(r?ggét%yécraﬁ%g’ & 1iner body 110 to be drawn towards the cavity
wal | 236 of the cavity 230. In this manner, the liner body 110 assunes a
10 nore tube-1ike shdpetha eushipaing matesiglds added, it vyl prolgviim Beart from
one anot her. The cushioning material is heated to an el evated tenperature

that 5i s abavgidé g taeilir Bbdyhi T at fike elsHidodIs Y efidt BT4 aherdofiradsbdsy a | iquid
or nolten state and then the liquid or nolten cushioning 15 material is
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impermeable to the cushioning material and therefore, the cushioning
material does not migrate from the interior 116 to the exterior 118. In
order to effectively coat the inside of the liner body 110 to a

10 predetermined thickness, the mandrel 220 is introduced inside of the
liner body 110 (Fig. 14). The mandrel 220 is directed within the inside of
the liner body 110 to a predetermined position where the distal end 222
of the mandrel 220 is disposed proximate to the closed distal end 114 of
the liner body 110 (i.e., the distal end 222 is spaced a predetermined

15 distance from the closed distal end 114). It will be appreciated that as
the mandrel 220 is moved into this preselected position, the distal end
222 contacts the pool of cushioning material and as the mandrel 220 is
further driven towards the closed distal end 114, the motion of the
mandrel 220 causes the cushioning material to flow around the mandrel

20 220 as illustrated in Figs. 15 and 16. In effect, the cushioning material is
forced up the sides of the mandrel 220 between the mandrel 220 and
the inside surface of the liner body 110. By carefully controlling the

distance between the outer surface of the mandrel 220 and the interior



cushioning material into the liner body 110. As previously-nentioned, the
entire systemis preferably a programmabl e, conputer controlled system
whi ch i s wapalbt®ef determ ning the anount of cushioni ng POTrEVE07980 t hat
needs to be introduced into the liner %i%dy 110 in order to provide a
cushioning | ayer 120 having a predeternned thi ckness. The anount of
cushioning material that is introduced is determ ned based _upon a nunber
of fact ors SUrtCefethenlinartkady hi e, threrespdsethickpessuef Hig puthioeings/ 079926
PCT/ US03/ 07980 38 not limted to, the dinmensions of the Iiner body 110,

t he di nensilgps RO dahebdraotrelled2th otiher Words) sthenpicknesbefahgi ty 230, the
desired thickness of the |layer 120, etc. As the cushioning material is

closeit i staenihita g 1D WiF nglordy ey IfipreBFediiph gl | 0°

material forming the liner body 1 10 is inperneable to the cushioning
mat eri al amstridseraf iheananteel dhandithe intesioe suslilacdcysthedinatibgpdat e from t he
interior 1 16 to the exterior 118. In order to effectively coat the inside

of the |inegndofibvieddt tRe @udRioRNBdairRi M BRshd\PbokARRed IO RENHe! 220 is
i ntroduced inside of the Iiner body 110 (Fig. 14). . The mandrel 220 is

posi 1 on el T A Toi Ssurs e 258FaieR imshih al bR TRt dBsed pr oxi mat e
to the closed distal end 114 of the liner body 110 (i.e., the distal end
222 i s spagedsentproetbebethnd desired thickness of cushion layer 120.
The amount of cushioning material that is introduced into
the inside of the liner body 110 is preferably determined beforehand so
10 that cushioning material is not wasted when the mandrel 220 is
introduced into the liner body 110 to cause the cushioning material to be
dispersed around the mandrel 220. For example, if an excessive amount
of cushioning material is disposed within the liner body 110, the action of
the mandrel will cause the cushioning material to be discharged from the
15 cavity 230 since there is an excessive amount of cushioning material to
fit within the space between the outer surface of the mandrel 220 and
the interior of the liner body 110.
The mandrel 220 can optionally include an extra safeguard
to prevent the cushioning material from being discharged from the cavity
20 230. For example, the mandrel 220 can include a movable sleeve {not
shown) at or near the end 221 of the mandrel 220 that is positionable

between a retracted position and an extended position where the sleeve

covers the gap between the mandrel and the interior surface of the liner



15 distance fromthe closed distal end 114). It will be appreciated that as

t he nandre

| 220 is noved into this presel ected position, the distal

222 cont awpI3m®2epool of cushioning material and as the nmeEadrEso3/2280

further dr
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0 causes the cushioning materiral to flow around the mandrel 20

str in Figs. 15 and 16.,.In effect, t ushi oning nmateri al

B hE0 511 ceaparmiBlaRa R G 30E HeEv aB RS LR 920 and t he
i nside surface of the liner body 110. By carefully controlling the
di st ance bepriegroaded dogahassufraosdsfthe neantiad22D @RDisabidseth@gaimseri or WO
PCT/ US03/ 07980 39 surface of the liner body 110, the precise
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iner body 110 to ensure that a sufficient amount of cushi
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usafldrel 220. For exanple, if an excessive anpunt

Once the mandrel 220 is driven to the preselected extended
position to cause the cushioning material to flow around the mandrel
220, the cushioning material is permitted to cool for a predetermined
amount of time. This results in the cushioning material solidifying into
the gel-like cushion layer 120. After the cooling period has passed, the
mandrel 220 is retracted from the cavity 230 with the cushioned liner
100 still being disposed over the mandrel 220 as illustrated in Fig. 17.
The cushioned liner 100 is then removed from the mandrel 220 by rolling
the cushioned liner 100 off of the mandrel 220 as illustrated in Fig. 18.

It will be appreciated that the application of a vacuum within
the cavity 230 is not critical as it merely assists opening the liner body
110. This method of applying the cushioning material offers a number of
advantages over conventional methods since it provides a simple yet
effective method for controlling the thickness of the cushion layer 120 to
a greater degree of precision compared to conventional techniques.

Because the distance between the mandrel 220 and the interior of the

over pour ed



of cushioning material is disposed within the |iner body 110, the action of
the mandrel will cause the cushioning naterial to be discharged fromthe 15
cavity 23W09B/0c®2¢ here i s an excessive anount of cushi oni RGTASBOR0T980 t O

fit wthin the space between the outer ssurface of the mandrel 220 and the
interior of the liner body 110. The mandrel 220 can optionally include an

extra saf eguar to event the cushjoning material from bejn wschar ged
Fromtho cdbet odol B8 84 hs dekerbiiiatl it A% BRI i B RdR" 2 ovabi o
sl eeve (not shown) at or near the end 221 of the mandrel 220 that is

posi ti onablamd thet errbadyr ¢ Oathethiphséds ohtlmdusinosXagerd&d0pssi ti on where
the sl eeve covers the gap between the mandrel and the interior surface of

the liner \éQnQ,?du%&gé?@?e R RER iy Wﬁrée g?esgan&@ b%reﬁ,eeﬁemgl ary

enbodi nent, the novable sleeve Is a spring-Iloa ring that surrounds the

mandrel 220 and is _biased against _the interior surface of the |liner body
110. The spPaRRgel 33@e@“¢i‘%'@§?'%§1ﬁt%fHree%ﬁ’ftbqqs%/e%@s‘f’ﬂﬁﬂit&?& FHEEPT al from

flow ng out of the cavity 230 5 since it extends across and seals off the
pass&ge whelreB bhehelisbr bodynd 107t agaiast tHeowvsvity waln@BBeasf ebeliityent , a
pneumatic controlled ring is wused. Once the mandrel 220 is driven to the
presel ect ecb:)ed(tended position to cause the cushioning material to flow
around t he ‘mandrel 10 220, the cushioning material is permtted to cool for

a predeterm ned ) i o
It will also be appreciated that 'the inside contour of the

cushion layer 120 (i.e., the interior 116 of the cushioned liner 100) is
controlled by the contour of one or more of the mandrel 220 and the

10 cavity 230. In one embodiment, the mandrel 220 is customized for a
given application by altering the shape of the mandrel 220 along its
longitudinal axis. For example, the mandrel 220 can include a recessed
section along its length and when the mandrel 220 is introduced into the
cavity 230 and the cushion material flows around the mandrel 220, the

15 cushion material will settle within the recessed section of the mandrel
220. Because the distance between the recessed section and the liner
body 110 is greater than the distance between surrounding portions of
the mandrel 220 and the liner body 110, the thickness of the cushion
layer 120 is greater in this section. Thus, a localized area of the interior

20 116 of the liner body 110 is formed to a greater thickness than
surrounding sections. Preferably, this localized area of increased

thickness is formed in an area where extra cushion is desired to provide

additional comfort to the wearer as is the case in some of the sensitive



amount of tinme. This results in the cushioning material solidifying into

the gel-like cushion |layer 120. After the cooling period has passed, the
mandrel 280 3®7Me¢racted fromthe cavity 230 with the cusrcansds/hisser 100
still being disposed over the mandrel %, O as illustrated in Fig. 17. 15 The

cushioned liner 100 is then renoved fromthe mandrel 220 by rolling the
cushi oned Iln{ 30 of.f oLthemadreI 2| ag,(ééustr ed| Fig. 18. It
will be apprietiasedgcetians PrEVERDithe sesidHaloim &0 tmpﬁt §te cavity 230
is not critical as it nmerely assists opening the liner body 110. This

met hod of alewpliod, eget Horaxainmmaj the frahepioatiombf ehs caishiomeerlingfr X0 advant ages
over conventional nethods since it provides a sinple yet effective nethod

for_controliyngetdie ki Fneaseabnt NonGisidfiohASmIRY i Qesfedbifker degree

of preC|S|on conpared to conve tlona ni-ques ause t st ance

bet ween the mandrel 220 and the interior of the WO 03/079926 PCT/U803/07980
41 |iner bdbgseepiens (e, doeshi Awd anst disty! HHMRA gl RPriaseCndigrel 220

and the liner body 110, the thickness of the cushion |layer 120 is

cont ol | ed sehbigk et dreat lifakBassidusl kiebi TE®U. bihd Agoding todreehhket mResridlhe
mandrel 220 and the interior 1 16 of the liner body 110 when the exterior 5

230, 1¢ wi P P 2BewE 8 ke banOR B bSiER sh B aneTRadire! 2208HT on”
| ayer 120 (i.e., the interior 1 16 of the cushioned liner 100) is
and by the final position of the mandrel 220 relative to the distal end 114
of the liner body 110 (i.e., the greater the distance between the mandrel
and the distal end 114, the greater the thickness of the cushion layer
10 120).

It will be appreciated that the mandrel 220 can be contoured
in any number of different ways depending upon the desired contour of
the cushion layer 120 of the cushioned liner 100. For example, the
inward taper of the mandrel 220 can be non-uniform in manner to

15 produce variations in thickness along the interior 116 of the cushioned
liner 100. This embodiment is generally shown in Figs. 19 and 20 in
which a mandrel 220’ is illustrated. The mandrel 220" is similar to the
mandrel 220 with the exception that the distal end portion of the
mandrel 220" has a non-uniform cross-sectional shape. More

20 specifically, one section of the distal end portion has a pronounced taper
250. In this section having a pronounced taper 250, the distance

between the mandrel 220 and the liner body 110 is greater than in other

surrounding sections and therefore, additional cushioning material is



controlled by the contour of one or nore of the mandrel 220 and the 10
cavity 230.

| ongi tudi nal axis. For exanple, the mangdgfel 220 can include a recessed
section along its length and when the nandrel

In one enbodi nent, the mandrel 220 is custom zed for a given
appl i catiwo p7®ké eri ng the shape of the mandrel 220 al on@CiTtiEs03/07980

220 is introduced into the

ity 230 and.th hi ial fl t h dr el ,. the 15
cushi on mator i eGP Taw L trERly ehel Tl (RS ReRBR BVt AeOHanar o

220. Because the di stance between the recessed section and the |iner

1 10 is grehieargahahigt 2O dieatlarste viethetathesocomponaiioy of dheipposowiced he

body

mandrel 220 and the liner body 110, the thickness of the cushion |ayer 120
is greater 0ot B5® iS85 HhE Mandlidfo2 [ : t i j 20 1 16
of the IineraBgo y 1'18 IS ?r(')ar‘rragg toearleggggt@?ﬁ? %Pgﬁ'ﬁ@%g 'Fﬁér?@dseh?\?iégndi ng:

sections. Preferably, this _localized area of jncreased ¢thickness is forned

in an area QMePeetian lade s ficsh shin Resicretharsofirtbat Bas asddienadnal confort to
t he wearer

PCT/ 8503/ 07Q8hiorag invateribhprovidedthemeat Botase@npidwidd ese Guedret ivith 130 and
the prosthetic device, etc. For exanple, the front portion of the

cushi oned I%Jebgerd ébﬁ-ﬂfor@%g\ddér%ttgéﬁ&pﬂw ilhi%%(aﬁg@y%eqqiﬁgps wher e additi onal

confort

stunp area) correspond to 5 sensitive areas of the residual

is

as is the case in sone of the sensitive WO 03/079926

Ired Ssinc hese regli on
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i b 130.
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anmount of cushi on matlemyilibe apprestated $bhall thenanandiel 220 cantheomasifias) t he

di st al

10

15

20

shape of the mandrel 220

in any number of different ways to selectively control the thickness in
localized areas of the cushioned liner 100. For example, the distal end
222 of the mandrel 220 can have an annular recessed section that
receives additional cushioning material, thereby altering the thickness
profile at the distal end 114 of the cushioned liner 100.

If an area of reduced thickness is desired, the mandrel 220
can be modified to include one or more protruding features (i.e., a section
of the outer surface of the mandrel 220 that protrudes outwardly relative
to the surrounding sections of the mandrel 220). Each protruding feature
reduces the distance between the mandrel 220 and the interior of the
liner body 110 and thus causes the cushion layer 120 to have a reduced
thickness in this region.

In another aspect, the cavity 230 does not necessarily have
to have a uniform shape; but rather, the cavity 230 can be formed to
have any number of shapes. By altering the contour of the cavity 230,

the thickness of the cushion layer 120 of the cushioned liner 100 can be



and by the final position of the mandrel 220 relative to the distal end 1
14 of the liner body 110 (i.e., the greater the distance between the
mandrel \aod3pe26i stal end 114, the greater the thicknes®Cafusohierssushi on

| ayer 10 120). It will be appreciated that the mandrel 220 can be contoured
in any nunber of different ways depending upon the desired contour of the

hi I . 120 of t hi dli 100. F le, th i d
Caper of ¢ HEvisdBr e Jao e o AbAXBRPIr AR SPRAE STnE SBPCtRe

variations in thickness along the interior 1 16 of the cushioned I|iner
100. Thi s ewminddcheieta recegeadsactipn shranpratrudingseclidndndc@2Geithe liderch a
mandrel 220" is illustrated. The mandrel 220" is simlar to the nmandrel

220 with trb%o‘?)('f'?@tésgﬂn{ehé‘ﬁiﬁf@%ﬁgisﬁ%ﬁk/gr‘r?gﬂifpﬁcttfoﬂ[‘ of the nmandrel 220' has

a non-uni form'cross-secti ona ape. O specifically, one section of

the distal end portiqn has a_i)r onounced taper 250. In this section having
a pronounced taper 250Wsy MWl bedRierstoed ibah the presaidmeethoshpeifeits he | i ner
body 1 10 is greater than in other surrounding sections and therefore,

addi 15 onal achginbeniof giffatedt iclilshioheWindds 0 TP LS bEGFOUSOSd QERB0a liddtgeer m tt ed
to flow and ultimately cool and formthe cushion layer 120 in this area.

nto the gt SoRayRRTHSTes PREPERH A2 rheferBb@RRHrE oBRECect i on

(e.g., a front shin portion thereof) that has additional
mandrel 220 having one profile can be interchanged for another mandrel

220 having another profile. By interchanging the mandrel 220 and
maintaining the same cavity 230, the thickness and contour of the

10 cushion layer 120 can be controlled to a high degree of precision.
Further, the present method is less complicated than the conventional
methods, includir{g the dipping method, as it does not require a series of
steps to build-up the cushion layer 120 to the desired thickness nor does
it require that the cushioned liner 100 be inverted after the cushion layer

15 120 is formed on the interior of the liner body 110.

The present application thus provides cushioned liners that
advantageously are constructed so that the interface between the
residual limb and the prosthetic device is improved by eliminating the
distal seam that extends across the sensitive distal end of the residual

20 limb. Further, the present method permits the thickness of the cushion
la‘yer to be controlled with enhanced precision and also permits the

profile (contour) of the cushion layer to be readily changed.



5 cushioning material provided thereat so as to provide the wearer with

added confort and protection in this sensitive area. It will be appreciated
t hat the wandnz92220 can be nodified in any nunber of difPC&rusns/ommays to
selectively control the thickness in |qcalized areas of the cushi oned

| i ner 100. For exanple, the distal end 222 of the mandrel 220 can have

an annul ar recessed tIOE t hat _recei%es adstioan cushioning material,
thereby altering the YRIERREIRVEIQN Dp% PEEN RRELIGHISHYIShOMN 8194 of t he
cushioned liner 100. If an area of reduced thickness is desired, the

mandr el 22Qescebebevithdefaredcd to preficndd embodimentsethpraatfy itdwilgbé eat ur es
(i.e., asection 15 of the outer surface of the nmandrel 220 that protrudes
outwardly r i t . i i . I . Each
prot rudi g FSare 5 By g5 MW L 2R PRl iR (B F5 4 e
interior of the |Iliner body 110 and thus causes the cushion |ayer 120 to
have a redfteddils mavckaerads tharpinswithgubdepasintirgroihe sPHE FeEk Scapfe cavity
230 does not necessarily have to have a uniform shape; but rather, the
cavi tyy 230 gramebiavértioed to have any nunber of shapes. By altering the
contour of the cavity 230, the thickness of the cushion |layer 120 of the
cushi oned |iner 100 can be WD 03/079926 PCT/ US03/07980 44 varied in select
| ocations. For exanple, the cavity wall of the cavity 230 can include a
recessed section or a protruding section to cause the |iner



body 110 assunme a different shape in this section. Thus, it wll be
understood that the present nethod permts 5 a nunber of different
cushi onedwbDioner®26.00 to be produced using a limted anpouRCTAfSORQBPMEN
since the mandrel 220 is interchangeablg and one nmandrel 220 havi ng one
profile can be interchanged for another mandrel 220 havi ng anot her

profile. Bﬁﬂkgggggkggghﬁg%hge mandrel 220 and nmaintaining the sane cavity
230, the t ur of the 10 cushion layer 120 can be

controlled to a high degree of precision. Further, the present nmethod is
| ess conplicated than the conventional nethods, including the dipping
nmet hod, as it does not require a series of steps to build-up the cushion

| ayer 120 to the desifed AigtiRRABINRer 48P Bovbiing SGUEIca) iFh S encushi oned

liner 100 be inverted after the cushion [ayer 20 1s tornmed on the
interior of the liner body 110, The present application thus provides:

y '
cushi oned 13MRYiee; tBe cusRiPRsEIHEs $OMPTIRY-const ruct ed so that the interface
between the residual Iinb and the prosthetic device is inproved by

elimnating the distaabosleghnpdhifaleid aasbaciodpsdt dfcatskast tweefathrist al end
of the residual 20 linb. Further, the present nmethod permts the thickness

of the cushy | aye on: itk i.si al so
permts th lé)(%}rsofof?'?ée(gf( %Iﬁenfagourfr%) leg{: 8% hgﬁg&tﬁﬁgﬁpgﬁéﬁ’%eﬁ{%@ l?eaa{(}lciﬂ;%gc hanged.
WD 03/ 079926 PCT/ US03/07980 45 VWile the invention has been particularly
shown and to atleast one other fabric piece along a circumferential edge of the

distal end piece, the distal end piece being free of a transverse seam

extending across the distal end piece; and

a cushion layer disposed on at least one side of the sock-

shaped fabric member.

2. The cushioned liner of claim 1, wherein the sock-
shaped fabric member is formed of first and second side pieces that are
attached to one another along vertical edges thereof, the distal end piece
having an annular shape such that the distal end piece is attached to one
end of each of the first and second side pieces to produce a

circumferential seam.

3. The cushioned liner of claim 2, wherein each of
the first and second side pieces has an elongated generally rectangular

shape.



described with reference to preferred enbodi nents thereof, it wll be
understood by those skilled in the art that various changes in form and
det ai | s map obe79%ecle therein w t hout departing fromthe spiPCirtusasiaroscope 5
of the invention. WO 03/079926 PCT/US03467980 46 WHAT IS CLAIMED IS 1. A
cushioned liner for covering a residual linb of an anputee, the cushioned

| iner conprising: a sgck-s e | Cr: r of .at st two fabric
pi eces, one of the fa%%ic E?@E@ﬁﬁﬁéﬁﬁﬁ“@5ﬂ$§§%pﬂé§§gBFﬁ%§tP%iﬁsﬁs attached
to at | east one other fabric piece along a circunferential edge of the

di stal end phecéeconfside piagieseard siitelrd beiong anasbenaloagt thenesrticee seam
extendi ng across the distal end piece; and a cushion | ayer disposed on at

| east one skdgedthdérdefsock- shaped fabric menber. 2. The cushioned |iner of
claim1l1, wherein the sock- shaped fabric nmenber is forned of first and
second side pieces that are attached to one another along vertical edges
thereof, the distal end piece having an annul ar shape such that the distal
end piece is attached to one end of each of the first and second side

pi eces to produce a ©&ir curlheraushiaiedslgsan of3claithel, oubbicdimele stiter of cl ai m
2, wherein each of

is of a flat-locked stitch type.

6. The cushioned liner of claim 2, wherein the distal
end piece is attached to the first and second side pieces by a

circumferential stitched seam.

7. The cushioned liner of claim 6, wherein the

circumferential stitched seam is of a flat-locked stitch type.

8. The cushioned liner of claim 1, wherein the

cushion layer has a uniform thickness profile.

9. The cushioned liner of claim 1, wherein the

cushion layer has an uneven thickness profile.

10.  The cushioned liner of claim 1, wherein the sock-
shaped fabric member is formed of a fabric material that is impermeable

to the cushion layer so that the material forming the cushion layer is



the first and second side pieces has an el ongated generally rectangul ar
shape. WD 03/079926 PCT/ US03/07980 47 4. The cushioned |liner of claim2,
wher ei n twe oBior®26 and second side pieces are stitched topremasasiomdber al ong
the vertical edges thereof. 5. The cushjgpned liner of claim4, wherein the
stitch is of a flat-locked stitch type. 6. The cushioned liner of claim 2,

wherein the (i l.ece.is.attached to the first and second side
pi eces by a&%?%@ﬂfﬁfﬁgg]nﬁéﬁa% iftrBWe%In%éﬁlr%°f7%.hel'lf?ebrt9u'gﬁi%%rl‘?é&°|qrher of claim
6, wherein the circunferential stitched seamis of a flat-1ocked stitch
type. 8. TheRRPsHedtdd ofitherfabric enatienell, wherein the cushion layer has a
uni form thickness profile. 9. The cushioned liner of claim1l1, wherein the
cushion | ayer has an uneven thickness profile. 10. The cushioned |iner of

claim1l1, wherein the sock- shaped fabric nenber is forned of a fabric
material that is inperpgabl to t.he shio ayer so that the materi al
forming the cushion Ia{}ﬁr i@‘W%P@%‘gBQBr pg?la\%o{eu/w%@%n thg sock-

shaped fabric member is formed of at least two polymeric materials.

12.  The cushioned liner of claim 11, wherein the sock-
shaped fabric member is formed of a knit of polyester fibers and
polypropylene fibers, the polyester fibers formed a first side of the sock-
shaped fabric member and the polypropylene fibers forming a second

side of the sock-shaped fabric member.

13.  The cushioned liner of claim 12, wherein the
cushion layer is formed on the second side of the sock-shaped fabric

member.

14. The cushioned liner of claim 1, wherein the
cushion layer is formed on interior surfaces of the sock-shaped fabric

member.

15.  The cushioned liner of claim 1, wherein the

cushion layer is formed of a gel composition.



prevented frommgrating fromone side of the fabric material to an
opposite side of the fabric material. 11. The cushioned |liner of claiml,
wher ei n tWe 03014926 shaped fabric nmenber is forned of at | e&€T/USOBHOPBI yneri c
materials. 12. The cushioned |iner of aim1l, wherein the sock shaped
fabric nmenber is fornmed of a knit of polyester fibers and pol ypropyl ene

fibers, the polyester fd bers forned a, f.irst. side t he sock- shaped fabric
nenber and the pol ypr(;péy'l er@eff%sgﬁgnq%pmrn%f %\Iag’@cﬁw"vﬂﬂﬁa tEF e
sock-shaped fabric nenber. 13. The cushioned |iner of claim12, wherein the
cushi on | ayépmprosiigerednmpiisele blockrmppoiyteenand meinsoalloishaped fabric
menber. 14. The cushioned liner of claim1l, wherein the cushion |ayer is
formed on interior surfaces of the sock-shaped fabric nenber. 15. The
cushioned liner of claim1, wherein the cushion layer is fornmed of a gel
conposition. WO 03/07 6 / US03/ 07980 49 16. The cushioned |iner of
claim 15, wherein theq el EI{% ieneshinggmr ¢laite H.pvhereie dBeiblerk and

m neral oil. 17. The cushioned liner of claim16, wherein the block

copol yrmer i sopolyohgrsis yar polyspokeneidoyy (ettedendrgtieyien@ipemyyiene) poigbyste ene

(SEEPS) block copolymer.

18. The cushioned liner of claim 1, further including:
a stretch limiting feature incorporated into the sock-shaped

fabric member at a distal end portion thereof.

19. The cushioned liner of claim 18, wherein the
stretch limiting feature comprises a member that is formed of a material
that has limited stretch characteristics such that when the stretch
limiting feature is incorporated into the sock-shaped fabric member, the

elasticity of the distal end portion is reduced.
20. The cushioned liner of claim 18, wherein the
stretch limiting feature comprises one of embroidery integrated into the

distal end portion and a strap formed of a material having low elasticity.

21. The cushioned liner of claim 20, wherein the



(SEEPS) bl ock copol yner. 18. The cushioned liner of claim1, further
including: a stretch limting feature incorporated into the sock-shaped
fabric nmewbas/oz2@ di stal end portion thereof. 19. The cu®kirarsesioi9sner of
claim 18, wherein the stretch limting ggature conprises a nenber that is
formed of a material that has limted stretch characteristics such that

Fabri o member S nlmia SR EH BoRehd LT ERREA REDh Hiedh aPltindde 20

The cushioned Iiner of claim18, wherein the stretch limting feature
conpri ses oreingheeshitbe dabkic imerelgeat ed into the distal end portion and a
strap forned of a material having low elasticity. 21. The cushioned |i ner
of claim 20, wherein the WD 03/079926 PCT/US03/07980 50 stretch limting
feature is confined to an area occupying a distalnost 3 to 7 inches of the

fabric nmenber. 22. The.,cushioned, liner.of claim 20 erein the sock-
shaped fabric nenber ?g'forr!?ﬁoc%ﬂ"'qqq‘g'ﬂne&rﬂf] é@% 's‘i\o’lgﬁred'i‘éh%§°f3 at are
attached to one other along vertical edges thereof, the distal end piece

havi ng an ashaped fairapmennledr isHarmedefdirst ahdesedopideside iptecist thabade t 0 one
end of each of the first and second side pieces to produce a

circunt er engtdbhe@a8orleStheh afdh GbRtafbliged etk iR bistailerfiFieigcONd
having an annular shape such that the distal end piece is attached to one
end of each of the first and second side pieces to produce a
circumferential seam, the strap being attached to the first and second
side pieces along one vertical seam that joins adjacent vertical sides to

one another.

23. A cushioned liner comprising:

a sock-shaped fabric member formed of at least two fabric
pieces, one of the fabric pieces being a distal end piece that is stitched
to at least one other fabric piece only along a circumferential seam
formed at a peripheral edge of the distal end piece; and

a cushion layer disposed on at least one side of the sock-

shaped fabric member.

24. The cushioned liner of claim 23, wherein the

cushion layer is formed of a gel composition.



si de pieces along one vertical seamthat joins adjacent vertical sides to
one another. 23. A cushioned |liner conprising: a sock-shaped fabric nenber
formed ofweatoslozmeé two fabric pieces, one of the fabric pCaases/m®sng a

di stal end piece that is stitched to | east one other fabric piece only
along a circunferential seam formed at a peripheral edge of the distal end
pi ece; and a cushion yer—dis at l.east e side. o he sock-
shaped fabric nenber. bg ¥ﬁ% C@aﬁmnc? H1e|r-or§ agt aq] g}”ﬁ‘? fg‘ e| n the
cushion layer is fornmed of a gel conposition. WO 03/079926 PCT/U803/07980
51 25. The cemshbsitioth ¢omprises adllachncanelywsrranchminerageil. conposition
conprises a bl ock copolyner and mneral oil. 26. The cushioned |iner of
claim 25, wherein the block copolyner is a

pol ystyrene- pol y(et hyl ene-et hyl ene/ propyl ene) - pol ystyrene (SEEPS) bl ock

copol ynmer. 27. The cughi on lin r of cl ai \Qgerel n the spck- shaped
fabric menmber is fornég -?g? E%W? ddines ?‘5‘?‘5& vé’&fé‘%refrhgiﬂeg K att ached
to one anot her al ong vertlcal edges thereof, the distal end piece having

an annul ar sdmmarrwudﬁatmﬂysﬂylnme}pstyaéttwm%éﬂn/mmdpamydmlrﬁebdmswnme end of
each of the first and second side pieces to produce a

(SEEPS) block copolymer.

27. The cushioned liner of claim 23, wherein the sock-
shaped fabric member is formed of first and second side pieces that are
attached to one another along vertical edges thereof, the distal end piece
having an annular shape such that the distal end piece is attached to one
end of each of the first and second side pieces to produce a

circumferential seam.

28. The cushioned liner of claim 27, wherein the first
and second side pieces are stitched to one another along the vertical

edges thereof, thereby forming vertical seams.

29. The cushioned liner of claim 23, wherein the sock-
shaped fabric member is formed of a fabric material that is impermeable

to the cushion layer so that the material forming the cushion layer is



circunferential seam 28. The cushioned liner of claim27, wherein the
first and second side pieces are stitched to one another along the

verti cal wedgemshereof, thereby form ng vertical seans. 22I/USa&07m986hi oned
i ner of claim23, wherein the sock- shgped fabric nenber is fornmed of a
fabric material that is inperneable to the cushion |ayer so that the
material form shion.layer is WD 03/.Q79926 .PCT/ US03/07980 52
prevented f g%ﬂ%ﬁ%@i?ﬁﬁd“FV%ﬂ?% %“EﬁHE’%Pefﬁnggﬁgﬂefﬂﬁ¥%@ ¥ 3o an
opposite side of the fabric material. 30. The cushioned |iner of claim23,
wher ei n t heoppekite sifigpetitheafaliric maiedal. i s formed of at | east two polymeric
materials. 31. The cushioned |iner of claim 30, wherein the sock shaped
fabric menber is formed of a knit of polyester fibers and pol ypropyl ene
fibers, the polyester fibers formed a first side of the sock- shaped fabric

menber and t he pol yprapyl e fibers formn second side of the
sock-shaped fabric me%@er. qﬁ‘?.cuﬁﬁf%ﬁﬁq qri‘%e&a%zgﬁréﬂh?@‘?éE%iS(}’éka
cushioning nmaterial to forma cushioned liner for covering a residual linb

of an anpusbkaped fabricabrencbérn isformedprfi i lagst Bwve paityseipadaferiats.c body
formed of at least two fabric pieces, one of the fabric pieces being a
distal end piece that is attached

31. The cushioned liner of claim 30, wherein the sock-
shaped fabric member is formed of a knit of polyester fibers and
polypropylene fibers, the polyester fibers formed a first side of the sock-
shaped fabric member and the polypropylene fibers forming a second

side of the sock-shaped fabric member.

32. A fabric liner adapted to receive a cushioning
material to form a cushioned liner for covering a residual Iim‘b of an
amputee, the fabric liner comprising:

a sock-shaped fabric body formed of at least two fabric
pieces, one of the fabric pieces being a distal end piece that is attached
to at least one other fabric piece along a circumferential edge of the
distal end piece, the distal end piece being free of a transverse seam

extending across the distal end piece.

33. The fabric liner of claim 32, wherein the sock-



to at | east one other fabric piece along a circunferential edge of the
distal end piece, the distal end piece being free of a transverse seam
ext endi ngweaso3®2¢ he di stal end piece. 33. The fabric |inecTafSozbhmsm 32,
wherein the sock WD 03/ 079926 PCT/ U803/$§980 53 shaped fabric body is
formed of first and second side pieces at are attached to one another

al ong vertical e s.thereof . the distal end piece. . having. an annul ar shape
Such that  + RECRRL T ARD e i Bt T el SRt Signeare st he 11 1o
and second side pieces to produce a circunferential seam 34. The fabric
liner of cl attacB&d taemesinpthhe afdngsvertigabedgrotiteredtiahpi dised eadepieté t ched
to one another along the vertical edges thereof. 35. The fabric |iner of

cl ai m 34, V"ﬂﬁgi]?tbgkluﬁ Qﬁn%l%;} %\Fjﬁpe isﬁcﬁfthgt Bﬂé‘ars:tacéﬁﬁﬂ Rlcklis itiatPRd td%nelhe

fabric liner alm ereint Ista endpplecels attached to the

first and secanq Si ﬁe fpi ecﬁﬁ% by a circynferential stjtched seam 37. The
fabric |inefN®f@gnR7IEe (st Aodseqead e PiRRSS ONRTCHAUCE t ched seamis of
a flat-locked stitch type. 38. The fabric liner of claim 33, wherein the
sock- shapedirtalférenbiadyears. f ormed of at | east two polyneric materials.

34. The fabric liner of claim 33, wherein the first
and second side pieces are stitched to one another along the vertical

edges thereof.

35. The fabric liner of claim 34, wherein the stitch

is of a flat-locked stitch type.

36. The fabric liner of claim 33, wherein the distal
end piece is attached to the first and second side pieces by a

circumferential stitched seam.

37. The fabric liner of claim 36, wherein the

circumferential stitched seam is of a flat-locked stitch type.

38. The fabric liner of claim 33, wherein the sock-

shaped fabric body is formed of at least two polymeric materials.



WO 03/ 079926 PCT/ US03/07980 54 39. The fabric liner of claim32, wherein
the sock- shaped fabric body is forned of a knit of polyester fibers and
pol ypr opywerna/ofidber s, the pol yester fibers fornmed a first PErdsSodb798he sock-
shaped fabric body and the pol ypropyl eng,fibers form ng a second side of

t he sock-shaped fabric body. 40. The fabric liner of claim32, further

including: a stretch Limti feature incorporated into the sock-shaped
fabric body at a dist 'enE%JF‘ST'BE’”?hB?&%‘F% ég éelpa%‘teﬁ?q%ﬁ'ner of claim
40, wherein the stretch limting feature conprises a nenber that is fornmed

of a mmt eri shapachéabrivasody s fadest pEadinicbbpakyestarsfiibbars auch t hat when t he
stretch limting feature is incorporated into the sock-shaped fabric body,

the elasti Ebf\xi{)r%ylérh@ fi@ie%,qlheg;{y}/@ﬁ%f' FBBrd forhfAS st Sfe IR ?(%;IJ-C l'i ner

of claim 40, erein the stret Imting feature conprises one

enbroidery integrated into the distal end portion and a strap forned of a
mat er i al ha%fﬂ?fgeo{ %WW?I %%‘is\( @pgg_he Retyprepylengriibers| foRBiNg A secanthside ofner ei n
the stretch imting feature is confined to an area occupyi ng a di st al nost
3 to 7 incttessetk-thapddbabric Bbégve body. WO 03/079926 PCT/ US03/07980 55

40. The fabric liner of claim 32, further including:
a stretch limiting feature incorporated into the sock-shaped

fabric body at a distal end portion thereof.

41. The fabric liner of claim 40, wherein the
stretch limiting feature comprises a member that is formed of a material
that has limited stretch characteristics such that when the stretch
limiting feature is incorporated into the sock-shaped fabric body, the

elasticity of the distal end portion is reduced.

42. The fabric liner of claim 40, wherein the
stretch limiting feature comprises one of embroidery integrated into the

distal end portion and a strap formed of a material having low elasticity.

43. The fabric liner of claim 40, wherein the
stretch limiting feature is confined to an area occupying a distalmost 3 to

7 inches of the fabric sleeve body.



44. The fabric liner of claim40, wherein the sock- shaped fabric body is
formed of first and second side pieces that are attached to one other

al ong verwomal7®adges thereof, the distal end piece havi ngcarusasiosar shape
such that the distal end piece is attacggd to one end of each of the first
and second side pieces to produce a circunferential seam the strap being

attached to the first 4gnd . S i eces, al o one vertical seamt hat
joins adjacent verti cgla' si §§§c’f§l§nc§h§?§ﬁgﬁg}48ﬂgvf}9e/&gpag}q O ner used in
constructing a cushioned prosthetic liner, the fabric |liner conprising: a
fabric bodyShaperépkiic bedy énsarmesbof &ipst anchpecary] sisleepietes that &rebri ¢ pi eces
being a distal end piece that is attached to at | east one other fabric

pi ece by onhytashéd n6 wikesthRE afingsléltiALed§eathdrabMemheadistal @M pieRer al edge
of the distal end piece.

having an annular shape such that the distal end piece is attached to one

end of each of the first and second side pieces to produce a

circumferential seam, the strap being attached to the first and second

side pieces along one vertical seam that joins adjacent vertical sides to

one another.

45. A fabric liner used in constructing a cushioned
prosthetic liner, the fabric liner comprising:
a fabric body formed of at least two fabric pieces, one of
the fabric pieces being a distal end piece that is attached to at least one
other fabric piece by only a circumferential stitched seam formed at a

peripheral edge of the distal end piece.



