WD 2003/ 080313 PCT/ US2003/ 008034 1 5 PROCESS FOR APPLYI NG A CUSHI ON
MATERI AL TO AN ARTI CLE This application clains the benefit of U S. Patent
Appl i catiwo 208208088 No. 10/ 102,377 filed March 19, 2002 pairiwshoazgosss eby
incorporated by reference in its entirlety. 10 Technical Field The present
invention relates generally to a process for formng a cushioned article
havi ng a predeterm ned thickness and contour and nore particularly, to a
process for applying a gel-like cushioning material to an inside of a

|l i ner body to forma cushioned Iiner 15 that is constructed to be worn over
an anputee's residual linb. Background For the past decades, anputees have
worn tubul ar sock-like articles over their residual linbs to provide
additional confort to the 20 anputee when wearing a prosthetic |inb. For
many years, the tubular sock-like articles were fornmed of natural
materials, such as cotton, wool, WO 2003/080313 PCT/ US2003/ 008034 2 and
cotton-wool blends; however, as synthetic materials becone increasingly
popul ar as a material of choice to formarticles of apparel, including
socks, the tubular sock-like articles were increasingly fabricated using
synthetic materials. 5 As is known, an anputee is typically fitted with a
prosthetic

5 PROCESS FOR APPLYING A CUSHION MATERIAL TO AN ARTICLE
This application claims the benefit of U.S. Patent Application
Serial No. 10/102,377 filed March 19, 2002 which is hereby

incorporated by reference in its entirety.

10 Technical Field

The present invention relates generally to a process for
forming a cushioned article having a predetermined thickness and
contour and more particularly, to a process for applying a gel-like
cushioning material to an inside of a liner body to form a cushioned liner

15 that is constructed to be worn over an 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
20 amputee when wearing a prosthetic limb. For many years, the tubular

sock-like articles were formed of natural materials, such as cotton, wool,



menber to be worn on the residual linmb. In a bel owknee (BK) prosthesis,
an anputee's stunp tends to pivot within a socket of the prosthesis.
During armwol2ae3/asn313t he stunp will come up in the socket pafr/uskévs/opsodst hesi s
until the neans for attaching the prosthetic to the wearer 10 causes the
prosthetic to lift with the stunp. The wearer then conpletes a walking
notion or other novenent by repeatedly |i2ting the prosthetic up and then
placing it back down in a different |location to effectuate novenent of the

wear er' s bodyandvbstionfwbbiebiands] iblveveydy satietieshatsiialspeksmepr ost hetic
15 liners) that are currently avail able have a tubular or conical

the rosi auuineranbay BPelf sctaleadrbbhals & BopREEER SRR Shape. -

For exanple, while the residuumstunp generally has a roughly conical
shape, the rdsflyding secksp theltubukr sackaike ardclesswerairsdeasinglyertai n 20

| ocations. On a bel ow knee, left side residual linb, the recessed area is
of ten nore prrAPALAERAUSRG INBtHéEnatbdgIsOf the tibia bone, while for right
side residual |inbs, the nore pronounced recessed area is on the left side

WO 2003/ 080313 PCT/ US2003/ 008034 3 of the bone. Iln ]p@th i stance?Hl t he

si de oggposi te the side A th<PRY M BPAMBH oS nYEFAlYJILed yvith aPTRsHetl so
contain a recessed area to a |l esser degree and further the greatest recess
typi cal | y ocovembemtedieatvelry onbeonesiche) patkel lraa elewekndee (BIGi de.
Conventional prosthetic liners do not 5 acconmodate the non-uniformnature

of the resi dyasandid MsaSdhed®s Welimp tends to pivot within a socket of the
prosthesis. During ambulation, the stump will come up in the socket of
the prosthesis until the means for attaching the prosthetic to the wearer
10 causes the prosthetic to lift with the stump. The wearer then completes
a walking motion or other movement by repeatedly lifting the prosthetic
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
15 liners) that are currently available have a tubular or conical construction
and do not provide a form fit of the amputee’s residuum since the
residuum stump typically does not contain a completely uniform shape.
For example, while the residuum stump generaily has a roughly conical
shape, the residuum stump will often have recessed areas in certain
20 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

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



in the anputee experiencing wearing disconfort due to the non-uniform fit.
When the anputee uses a prosthetic device, the anputee sinply attaches a
pr ost het iwoOl200d080313t heir residual |inb by neans of a l1@cCriugea3gvoket

| i ner, and a suspension neans. The rigid socket can be customfabricated to
mat ch the shape of the intended user's residual |inb and can be forned
froma variety of different materials, ifdluding but not limted to
thernoplastic materials, fiber-reinforced thernoset materials, as well as
wood and et gt she BeRaUIA HOIR instzhdus) tHe sitle dppositerthacstde wiith théendrer d,
rigid prosthetic linb, this interface can becone an area of disconfort
over time S|nceth|3|nterf r t he
est dual 11 iR BP et RET e u88 onE AR FoodsRefaBH 3o 2 pHEE”

di sconfort and provide a de ee of cushioning to | essen the |rrpact of the
| oad, prost hdegreel ambfwtl(l@ro%esgreat@stugeqssagvnlﬂ@léf paeursiomeaissely bet ween

t he hard prosthetic socket and the residual linb in order to increase
confort. WO goRY Qﬁ@%la@elBC"BInH%%?/@@é%O%n\énﬁbadl big¥Rétiy linsRVEs ot met hods
have been used to apply a cushion naterial to an article, such as a sl eeve

b tended f thetic | f t
eot dudl || | nBCCRREN AR 68 neBa R B A i D LR AT EE PR i ch

the cl osed distal end of 5 the sl eeve nenber i s dipped into cushioning
mat eri al whi ohttexastpsites eapetfiénping weaning tiscostfariedudiie the awneumitomver i s
di pped into the cushioning

fit.

I

When the amputee uses a prosthetic device, the amputee

simply attaches a prosthetic limb to their residual limb by means of a

10 rigid socket, liner, and a suspension means. The rigid socket can be
custom fabricated to match the shape of the intended user’s residual
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

15 V interfaces with the hard, rigid prosthetic limb, this interface can become
an area of discomfort over time since this interface is a load bearing
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

20 members between the hard prosthetic socket and the residual limb in

order to increase comfort.



material at a prescribed angle relative to the surface of the nolten or

| iquified cushioning material so that the cushioning material extends up

t he sl eevwormeoansn3iBr om t he cl osed distal end to a furthe@CTas2ensoosmst he 10
side of the sleeve nenber. The sleeve nmenber is then manipulated in the
liquified or nolten cushioning material to effectively coat the surface of
the sl eeve nmenber with the cushioning mate¥ial. Wen the cushioning
material is applied in this manner, the sl eeve nenber has likely been
inverted so that the infTeadiconally,fsseralsnatitacs have heerxiseditorappnly faace t hat
15 is exposed to the liquified or nolten cushioning material. After

appl i cation O%ugmgn%?mr Iitg%n”?lltﬁ:fé,aéchasdE%%% S B MR R SI R RME
red or nolt g

menber into the i qui en’‘cushioning nmaterital and permtting the
cushioning material to sufficiently cool, the coated, sleeve nenber is then
i nverted agai BSsoPtassetinnanfaradacemant Ry8r & KesidyahlimR: ngnFeresss 20
appl i ed thereon becones the interior surface of the cushioned sl eeve

nmenber. WO 20Q36980RkSn s LRgpRg/ 1@eBARMesSnRuhieh the dlosed distgl émd ef,
di pping) the sleeve nmenber into the liquified or nolten cushioning

monber o ot 1 SbRead uReTingnaslL 085 abbfiont rd:pel VB BeRe BEHE,

shape. The mandrel is thus a tool that permts a 5 person to dip the sleeve
nmenber into t liquid ouirfalten shatew Thersleeshmamiper isripeed dtoniheneyighienipesi ng
t he person to any unnecessary risks. The mandrel is then manipul ated so
that the exposgsefil f28Gtefriddifatyi@G¥Ritive to the surface of the molten or
liquified cushioning material so that the cushioning material extends up
the sleeve member from the closed distal end to a further extent on the
10 side of the sleeve member. The sleeve member is then manipulated in
the liquified or molten cushioning material to effectively coat the surface
of the sleeve member with the cushioning material. When the cushioning
material is applied in this manner, the sleeve member has likely been
inverted so that the interior surface is actually the exterior surface that
15 is exposed to the liquified or molten cushioning material. After
application of the cushioning material by dipping the inverted sleeve
member into the liquified or molten cushioning material and permitting
the cushioning material to sufficiently cool, the coated sleeve member is
then inverted again so that the surface that has the cushioning material

20 applied thereon becomes the interior surface of the cushioned sleeve

member.



menber are in contact with the cushioning material. In order to increase
the thickness, the sleeve nenber is repeatedly dipped so as to 10

ef fecti vew 2bes/dsa31ap t he t hi ckness of the cushioni ng nmatremiwsko03Gme3of t he
di sadvant ages of the di pping process is that control of the thickness of
the cushioning material is rather an arduous task and is fairly inprecise
due to the thickness being built-up to a 5desired thickness by repeatedly
di pping the sl eeve nenber into the 15 coating. Further, the sleeve nenber
must be inverted bef or ePamdt@iriserting liice.c digping) the stetee inaémbsr apgplthed t o

t he sl eeve nmenber. After the cushioning material has been applied and

all owed to cogl ... fl i rsi Lh || REViE iNBIRSd can
cause crazi ngﬁ&qlg%gfoﬁgdqgﬁg%tchgﬁﬁnﬁp%P‘?égé?%lbﬁs&géakeﬁggﬁ%ﬁ It e'gllayer of the
cushioning material. 20 In addition to the application of the cushioning
material to tiie thedevertes flsevedpenibepitn gtiagieh sndcshanestisesleey? MIMBS! 11 ed
or nolten cushioning material, the cushioning material can be "painted"

onto the WO 20034 G8RMH2dRGBLISPZEMABEOOBRS Marfiirsl ieethes eetdud that petmits aal so
possi ble to dissolve the polyneric material in a solvent followed by

cvapor abi on oPeiHE Soriane, Sents g paavinaa raye O RS onngy o/ a
formed on the sleeve nenber. This process is also 5 narked by a degree of
i npreci si on wiridterigsyétbibut exposingrijet prrsom is nynimmeaessani Bske.o TAedesi red
t hi ckness. Anot her process for applying a cushioning materials is an
mandre! is then manipulated so that the exposed surfaces of the sleeve
member are in contact with the cushioning material. In order to increase
the thickness, the sleeve member is repeatedly dipped so as to
10 effectively build-up the thickness of the cushioning material.
One of the disadvantages of the dipping process is that
control of the thickness of the cushioning material is rather an arduous
task and is fairly imprecise due to the thickness being built-up to a
desired thickness by répeatedly dipping the sleeve member into the
15 coating. Further, the sleeve member must be inverted before and after
the cushioning material is applied to the sleeve member. After the
cushioning material has been applied and allowed to cool, the final
inversion of the cushioned sleeve member can cause crazing, folding or
other imperfections to form in the layer of the cushioning material.
20 In addition to the application of the cushioning material to

the sleeve member by dipping the sleeve member into liquified or molten

cushioning material, the cushioning material can be “painted” onto the



"open pour" process in which the cushioning material is poured into a nold
and settles therein due to gravitational forces. This process does 10 not

i nvol ve cwopoexsizin of the material and is marked by thecralSkansiongp34

di sadvantages: it is difficult to precisely control the thickness and a
poor bond typically results between the fabric and the material. Further,
all of the above-methods do not permt thé& thickness of the cushion |ayer
to be specially contoured in select regions 15 of the article for purpose

of providing 4giBéw: RerhiB&SoCRNE @ldo poskiblertet ¢ies6108 the pdrgsericagaterial ihus,
there is still a need in the art for a sinple yet effective process for

re th . aes:
aher tby tne (heerRas BRI GoPshsA R sRRug BT, 1 g

degree of precision and the profile of the cushion |ayer can also be
control | ed andithasubseéqdeptruaperationrof the sqipentc dhewmby leey raosloss i3
PCT/ US2003/ 008034 7 Sunmary A nunber of different nethods for applying a

| ayer of CUS&iﬁéﬂi‘iﬁ\Hg MLt folRed ohihead 8 niBér. | ThR BrioRebs @ arted,
whereby the thickneSs of the cushion |layer can be controlled to a high

degree of 5 precisjon and thefprofile.of the cush{?n I§¥er an al so be
controlPed andarkedt Pu@ deyERATHPRIEEK IhY UpiasPESt FAMCMINGIE exenpl ary
enbodi ment, a process for formng a cushion | ayer of a preselected
t hi ckness on eushidbmiagdeatdrighrtost detired thickeredsody i s provi ded. The process
i ncl udes the
Another process for applying a cushioning materials is an
“open pour” process in which the cushioning material is poured into a
mold and settles therein due to gravitational forces. This process does
10 not involve compression of the material and is marked by the following
disadvantages: it is difficult to precisely control the thickness and a poor
bond typically results between the fabric and the material.
Further, all of the above-methods do not permit the
thickness of the cushion layer to be specially contoured in select regions
15 of the article for purpose of providing more or less comfort and
protection in these regions.
Thus, there is still a need in the art for a simple yet effective
process for applying a layer of cushioning material to a surface of an
article, whereby the thickness of the cushion i‘ayer can be controlled to a

20 high degree of precision and the profile of the cushion layer can also be

controlled and varied depending upon the application.



steps of: (a) providing an apparatus including a nold having a cavity 10
formed therein and a mandrel that is positionable between a retracted

posi ti on wodo@nsexBended position, wherein in the extenaed/yseoaidonsma4 at

| east a portion of the mandrel is received within the cavity; (b) disposing
the prosthetic liner body into the nold cavity; (c) disposing a quantity of
cushioning material into the inside of thé prosthetic liner such that the
15 cushioning material pools at a distal end of the prosthetic liner, the

quantity bei ngumnfayficient quantity to formthe cushion |ayer of the
presel ected thickness; (d) directing the mandrel into the inside of the

prosthetic liner until fhe ndrel,..i S_pOSi t, j e posi tion,
the driving action of t‘%éjur%nkﬁ r%]fd'éﬂfﬁ%&n@e%h(g&gﬁ%ﬂh%’boé{?ﬁg %rg%;egrﬂﬁgl to be 20
di spersed between the mandrel and the prosthetic |liner, thereby formng

t he cushi oni nmushigring ehatehiel pe eswiréaneeef amiactielesye nrayidedoMhrjebydhe
cushioning material to forma cushioned prosthetic liner; and (f) WO

2003/ 080313 F%%M%%Q%/tﬂ@%ﬂio@law Rehay Bentrbkedes ariahhfdeaied be nol d

cavity such t the cushioned prosthetic liner can be renoved therefrom

The present process is not limted to praoducing cushioned I ost L,C
liner: Dut rd'RESI¥HANBANESEQATIIG Y Ul?ec‘ésmﬂ'ﬁgyeqocfandg?? eeﬁ?'g)tr%ﬁep(?%hécts,

i ncluding but not limted cushioning pads with or without a fabric backing
| ayer; cushi ongibdedbosmdiagsipoauthie appditationkdn atecexerBplaavsenbodinmtingt ance
bet ween the mandrel and the prosthetic liner (or cavity wall in other

embodi ment s) &%rc'éggfgpfjosrn%iﬂg tNushion layer of a preselected thickness on an

inside of prosthetic liner body is provided. The process includes the
steps of: (a) providing an apparatus including a mold having a cavity

10 formed therein and a mandrel that is positionable between a retracted
position and an extended position, wherein in the extended position, at
least a portion of the mandrel is received within the cavity; (b) disposing
the prosthetic liner body into the mold cavity; (c) disposing a quantity of
cushioning material into the inside of the prosthetic liner such that the

15 cushioning material pools at a distal end of the prosthetic liner, the
quantity being a sufficient quantity to form the cushion layer of the
preselected thickness; (d) directing the mandrel into the inside of the
prosthetic liner until the mandrel is positioned in the extended position,
the driving action of the mandrel causing the cushioning material to be

20 dispersed between the mandrel and the prosthetic liner, thereby forming
the cushioning layer of the preselected thickness; (e) cooling the

cushioning material to form a cushioned prosthetic liner; and (f)



t hi ckness of the cushioned article to be forned, the present process 10
permts the thickness of the cushion |ayer to be controlled with enhanced
preci si orwei20e308031Bs di st ance between the nandrel and treTarseashetods< | i ner
(or cavity wall) along its length is readily determ nable and know and
therefore, the precise thickness is readily controllable. The above
process also permits the profile (contour)® of the cushion |ayer to be 15
readily changed by altering a surface of one of the mandrel and the

cavity. O her witlrawdsg ainel neghdisl frgastiad nmidid cavig enichi thee thé @ushidned be
apparent fromthe follow ng detail ed description when read in conjunction

with the acco i.ng..draw ngs. ri ription of the Drawi ngs WO
2003/ 080313 P%%ﬁggﬂﬁg%g%e r&%‘%*ﬁ%ﬁ?ﬁb and other features of the
present invention wll _be nore readily apparent fromthe follow ng

det ai | ed description andhedirasgmigerosess lis net laiedetoepisiyicingh eyshipnede
invention in which: Fig. 1 is a perspective view of a cushioned prosthetic

liner 5 accopgisifeti® lifBR BSERhS Yarf BB QREHRItbd06: RUhihBerdf @ifférenesi dual
linmb of an anputee; Fig. 2 is a perspective view of the prosthetic |iner

of 710 g1 WARAIG Ol Lo et L e hnLp A B 951 et
fabric backing layer; cushioned elbow pads, cushioned socks, etc.
Because the distance between the mandrel and the
prosthetic liner (or cavity wall in other embodiments) corresponds to the
thickness of the cushioned article to be formed, the present process
10 permits the thickness of the cushion layer to be controlled with enhanced
precision since this distance between the mandrel and the prosthetic
liner (or cavity wall) along its length is readily determinable and know
and therefore, the precise thickness is readily controllable. The above
process also permits the profile (contour) of the cushion layer to be
15 readily changed by altering a surface of one of the mandrel and the
cavity.
Other features and advantages of the present invention will
be apparent from the following detailed description when read in
conjunction with the accompanying drawings.

20

Brief Description of the Drawings




10 prosthetic liner of Fig. 1 with a section of the prosthetic |iner being
shown in cross-section; Fig. 4 is an expl oded perspective view of a sl eeve
menber oWot2nes/@nast hetic liner illustrating exenpl ary paraisg03foosBs achment
bet ween the individual conponents; 15 Fig. 5 is a perspective an exenpl ary
fabric taken fromcircle 5 of Fig. 4 used to formthe individual
conponents of the sleeve nenber of Fig. 4 Fig. 6 is a cross-sectional
view taken fromcircle 6 of Fig. 3; Fig. 7 is a side elevational view, in
partial cross-section, THe felegampppdibaiarsichtuires il thiengresentBivientiong
material to a liner body to form the cushioned liner of Fig. 1, WO

2003/ 080313 R 452003 Q0803 4opd0h Fidr Ak toM BN Be0aiLCOSSARRI L AT2!
view illustrating a ~Hhodsrn RRAber "havi ng a cavity tor recel W ng the liner
body which in turn receives liquid or nolten cushioning material; Fig. 9
is a side el edrawingalf dlusiiative grabedimerds wfsthedavearion dn wisichhe appar at us

of Fig. 7 illustrating a nandrel being extended to an internediate
position inside of the #i?ﬂ@ris@ﬁ'é’rispgbﬂve v ofa sisltoRberbsR IRIgr N
partial cross-section, o the apparatus of Fig. 9 illustrating the nmandrel

g?ggg_fs L: ?gﬁ%ﬁ%&ga’e’%&@%gﬁﬁgh tg:erﬁﬁgéime%q;bellgg ';:)ile%edloln iasreglrbu%miranrbged
of an amputee;
Fig. 2 is a perspective view of the prosthetic liner of Fig. 1
with the residual limb being fuIIy‘ inserted into the prosthetic liner;
Fig. 3 is a partially exploded perspective view of the
10 prosthetic liner of Fig. 1 with a section of the prosthetic liner being
shown in cross-section;
Fig. 4 is an exploded perspective view of a sleeve member
of the prosthetic liner illustrating exemplary points of attachment
between the individual components;

15 Fig. 5 is a perspective an exemplary fabric taken from circle

5 of Fig. 4 used to form the individual components of the sleeve member

of Fig. 4;
Fig. 6 is a cross-sectional view taken from circle 6 of Fig. 3;
Fig. 7 is a side elevational view, in partial cross-section, of
20 an apparatus for applying a cushioning material to a liner body to form

the cushioned liner of Fig. 1;



the distal position of Fig. 10 with cushioning material flow ng around the
mandrel between the mandrel and the inside surface of the liner body; Fig.

12 is a swoeoed/moasi onal view of the apparatus of Fig. PCTiUScustonss ng t he
mandrel being retracted fromthe cavity with the 15 cushioned |iner of Fig.
1 surrounding the mandrel; Fig. 13 is a side elevation view of the mandrel

inthe retracted position of Fig. 12 witl® the cushioned liner being rolled
or peeled therefromfor renoval of the cushioned liner; Fig. 14 is side

el evational view of an REgparidtawserseRddirogsisectidRalaviedl tll@@ﬂ@ttmgea enbodi nent
for applying a cushioning material to a Ilner body to formthe cushi oned

liner of Fig wher ein the .mandrel. i

shape; W 20055 s e PRBBG todnsie Feoking e EPpfepaiEh
cross-sectional viewillustrating the mandrel of Fig. 14 be| ng inserted
into a |iner receies igaictog hidten eysrioningvnaterialisecti on of increased
thickness; Fig. 16 is a perspective view of a cushioned article; 5 Fig. 17

is a cross-sectional simgg, 9||§\éa§|l18f&fl’éva\ﬂo‘h\éll Qfev@nm SNRRP LA 6-sdRAtafs for
form ng the article of Fig. 16 with a mandrel ‘being shown in the retracted

et AT NER I AT
Posttom: intermediate position inside of the liner body;

Fig. 10 is a side elevation view, in partial cross-section, of
the apparatus of Fig. 9 illustrating the mahdrel being further extended to
a distal position;

10 Fig. 11 is an enlarged cross-sectional view of the mandrel in
the distal position of Fig. 10 with cushioning material flowing around the
mandrel between the mandrel and the inside surface of the liner body;

Fig. 12 is a side elevational view of the apparatus of Fig. 7
illustrating the mandrel being retracted from the cavity with the

15 cushioned liner of Fig. 1 surrounding the mandrel;

Fig. 13 is a side elevation view of the mandrel in the
retracted position of Fig. 12 with the cushioned liner being rolled or
peeled therefrom for removal of the cushioned Iiner;

Fig. 14 is side elevational view of an apparatus according to

20 an alternative embodiment for applying a cushioning material to a liner

body to form the cushioned liner of Fig. 1, wherein the mandrel is formed

to have a non-uniform shape;



Fig. 19 is a cross-sectional side elevational view of the apparatus of
Fig. 17 wwth the mandrel being retracted to permt renoval of the article;
Fig. 20 iwoaogasspacti ve view of an alternative cushi on@dT/uB200&008064 e
having a surface feature; Fig. 21 is a cross-sectional side elevational
view of an exenplary apparatus for formng the article of Fig. 20 with a
mandrel being shown in the retracted posifion; Fig. 22 is cross-sectional
side el evational view of the 20 apparatus of Fig. 21 with the mandrel

being in the fully exteRded5 posh ehigedOr@R03QMIH TIRCTIVERMNM 008034 12
Fig. 23 is a cross- secti onal side elevational view of the apparatus of

Fig. 21 with phe pangr el ol ag rellacledh b, AL JAIvalngl i article:

Fig. 24 is a perspeé cts ed 58ck opti onabl e
| i ner being exploded therefrom Fig. 25 is a perspective view of an

exenpl ary apph@dingsa seetion of mgigasetkthiokhessticle of Fig. 24; Fig. 26 is a
cross-sectional side elevational view of the apparatus of Flg 25 with a

nmandrel being in a retrgg eds R()§Id’e\rgj'éc\ﬂvbmléhﬁof aguggpdﬁéy srged thereabout
and the cushioning material being injected into a nold cavity; | ,

5 Fig. 17 is a cross-sectional side elevational view of an
exemplary apparatus for forming the article of Fig. 16 with a mandrel
being shown in the retracted position;

Fig. 18 is cross-sectional side elevational view of the
apparatus of Fig. 17 with the mandrel being in the fully extended

10 position;

Fig. 19 is a cross-sectional side elevational view of the
apparatus of Fig. 17 with the mandrel being retracted to permit removal
of the article;

" Fig. 20 is a perspective view of an alternative cushioned
15 article having a surface feature;

Fig. 21 is a cross-sectional side elevational view of an
exemplary apparatus for forming the article of Fig. 20 with a mandrel
being shown in the retracted position;

Fig. 22 is cross-sectional side elevational view of the

20 apparatus of Fig. 21 with the mandrel being in the fully extended

position;



Fig. 27 is cross-sectional side elevational view of the apparatus of Fig.
26 with the mandrel in the fully extended position; Fig. 28 is a

cr oss- secwpaned/ossdlde el evational view of the 15 appar at ®ETAS2063908036 Wi t h
the liner being disposed in the nold cavity and the mandrel being in the
fully extended position; Fig. 29 is a perspective view of the apparatus of
Fig. 25 wth a cast nenber being shown;, F2g. 30 is a perspective view of
another article fornmed by 20 the apparatus of Fig. 29; Fig. 31 is a

cross-sectional side el gyabizopal cMsBvRtichBEsideravadiscisal Afietw & the9 Wi th the
mandrel in the retracted position; and WO 2003/080313 PCT/ US2003/ 008034 13

Fig. 32 is a cross-section si.de_ el evatignal. view o e apparat us, of
Fi o, 20 with SHRRHRIPEFI ) AT 19 Jreerariad selpeiesh it pelRE haiga
Description of the Preferred Enbodinents 5 Referring to Figs. 1 through 6,

a cushi oned | ofhtre éetiale;, a prosthetic liner) 100 according to one
exenpl ary enbodinent is illustrated. The cushioned |iner 100 is fornmed of

a liner body 110 havi ngg;.a of Lidd I ewivht 4 an
open end 1 12 it o uhi oS At o pEhpes IR B tch b 0RO AL

i ntroduced and a cl osed 10 di stal encg 1 1 4. The liner body 1 1 0 includes
an inte?ior 10Ronakie diner beingr pdloded thergfiomi he interior 1 16 being

i npregnated with a cushioning naterial to forma cushion |ayer 120 so as
to provide a cushi on beFie@b is a perspective view of an exemplary apparatus for

forming the sock article of Fig. 24;
Fig. 26 is a cross-sectional side elevational view of the
apparatus of Fig. 25 with a mandrel being in a retracted position with the
10 sock arranged thereabout and the cushioning material being injected into
a mold cavity;
Fig. 27 is cross-sectional side elevational view of the
apparatus of Fig. 26 with the mandrel in the fully extende;j position;
Fig. 28 is a cross-sectional side elevational view of the
15 apparatus of Fig. 26 with the liner being disposed in the mold cavity and
_ the mandrel being in the fully extended position;
Fig. 29 is a perspective view of the apparatus of Fig. 25
with a cast member being shown;
Fig. 30 is a perspective view of another article formed by
20 the apparatus of Fig. 29;
Fig. 31 is a cross-sectional side elevational view of the

apparatus of Fig. 29 with the mandrel in the retracted position; and



t he anputee's residual linb 130 and a prosthetic device (not shown) which

is to be attached to or otherw se coupled to the residual |inb 130, 15 as
will be owecnidnsosiBn greater detail bel ow. Wen the cusirCarEsdoosionssss 100 i s
used to couple a prosthetic device to the residual linb 130, a pin

receptacle 150 is preferably provided and is attached to the distal end 1
14 of the cushioned |iner 100 on the extéBior 20 1 18 thereof. In the
exenpl ary enbodi nent, the pin receptacle 150 has a resilient radial skirt

portion 152 surroundi ng; Og’l IECELRIRAEE L8N al Bdde Slewationabiael of bieely 154 WO
2003/ 080313 PCT/ US2003/ 008034 14 is a rigid member that is pref er abI y

formed of | _and_incl . god 156 which
acotves a cORRBAIRG HoED Wih 1he e Rl aihsi IS ENBAEE hut i o

device to securely attach the prosthetic device to the cushloned i ner
100. The radial skirt portion 152 5 preferably has a dianeter that is
approximately equal to or less than the dianeter of the distal closed end

1 14 of the l[jﬁ.??eop%gc@t% %@t%@%efe@%dr%ib%kﬁrﬁgﬁfst portion 152 does not
extend beyo € peripheral edge o iner body 110 at the distal end
114 thereof. In other rds th houl d b oth radial interface 10
bet wee® the radial ski ﬁme?%m@n 982% tﬁ&"‘t'gféeq' iBnes ?TB’ leI—Bwé‘ber, in

sone applications, it may be desirable for the radi aI Skl rt portion 152 to
ext end beyong@rédteefierlineflet @0 adgeding tohend exemnplaogyemii@diment is

illustrated. The cushioned liner 100 is formed of a liner body 110 having
a form fitting generally tubular shape with an open end 112 into which
an amputation stump (residual limb) 130 can be introduced and a closed
10 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 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,
15 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
provided and is
attached to the distal end 114 of the cushioned liner 100 on the exterior

20 118 thereof. In the exemplary embodiment, the pin receptacle 150 has a
resilient radial skirt portion 152 surrounding a receptacle body 154. The

receptacle body 164



The radial skirt portion 152 is a flexible nenber that is forned of a
resilient material, such as a polyneric material. The 15 receptacl e body
154 can bwof20e3m80316f any nunber of nmaterials, such as PeTAIS2003AM%D34 N one
enbodi ment, the receptacle body 154 is formed of alum num The pin
receptacle 150 is disposed at the closed distal end 114 of the |iner body
110 using any nunber of techni ques. Wen 1tdhe pin 20 receptacle 150 is

di sposed on the distal end 114, the receptacle body 154 is generally

centered abouyg 4 Agiddhshier@Rst ldrefdiagly fsremidh6t endratind 15dubes aan annul ar
base 155 (i.e., radial flange) that surrounds an WO 2003/ 080313

PCT/ US2003/ 008034 an ar, boss 157 that includes . bore 156.
Preferably, ttﬁwéeaq%éggqe Eﬁbr"f’hlﬁgrﬁr%?fz'igly i &808{‘/%?“@%16 e?ﬂ@%pt acl e
body 154 and the polyneric material forming the radial skirt portion 152
surrounds t hele.quiethreadddapim) off thaerastigtisrdedes ta 5ecuraly @tteeh her ds, t he

only portion 5 of the receptacle body 154 that is exposed is the threaded
bore 156 to gecaiMme Békﬁgs%f’cﬁetd 8idrREEterofod Neriy ahifiediig pisvibae snd

establish a ‘connection between the cushioned liner 100 and the prosthetic
device._Suitable techniques for attaching the pin receptacle 150 t the 1
0 clos€d di stRiefealivihas a;gigmeter Hiat '%@Bg%ilnﬂa??hvteéwﬁf’ iR grharh Yesi ve

material to bond the pin receptacle 150 to the textile nmaterial of the

cl osed di st al diartbtdldf thd diwithll clabsd ehd Eppoéci at ed t hat a nol di ng process

the liner body 110 so that the radial skirt portion 152 does not extend
beyond the peripheral edge of the liner body 110 at the distal end 114
thereof. In other words, there should be a smooth radial interface
10 between the radial skirt portion 152 and the liner body 110. However, in
some applications, it may be desirable for the radial 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
formed of a resilient material, such as a polymeric material. The
15 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
114 of the liner body 110 using any number of techniques. When the pin
20 receptacle 150 is disposed on the distal end 114, the receptacie 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



can be used to formthe radial skirt portion 152 around the receptacle
body 154 and at the sane tinme bond the socket 150 to the distal end 1 5 1
14 of thewoustsmnad sl eeve nenber 100. For exanpl e, thePCcaaspea®bsd34 body
154 can be placed into a nold, along with the distal end 1 14 of the |Iiner
body 1 10 and then polyneric material can be introduced into a nold

cavity, thereby formng the radial skirt pertion 152 and attaching the pin
receptacle 150 to the cushioned liner body 110. 20 As best shown in the

expl oded vi ev,gQhyiG 903§15@”ﬁ1at€iK§I”HE§VtMe |thﬂa%rdeaq§’d’re11§@ iFrefREPR tRé
several or nore pieces (panels) of textile material that are cut according

to an exenpl a attern and 20 3/ 080313 PCT/ US2003/ 034, .16
attached to oﬁ%j %rﬁi‘t ﬁ&orﬁpﬁﬁﬁf%gg qheeaﬁ?\?pf% %ledgg‘?ﬁ@d the
constructed |iner body 110. In one exenplary enbodlnent the liner body 1
10 is forned pblyhiereematedssfoohingkta l'aaiialmlértimdrtiona‘r&msuhiauaﬂsathd second
side panels 160, 170 and a distal panel 180. Preferably, the first 5 and

second side pgnel S 1o Jf@mﬁ@bdlgﬁ%éié}'sﬁ.°|r98ﬁ1e?’1/9§i%ﬁsr, fgg%ﬂ% ?Brt}géﬂ"e

first and second side panels as an upper edge orms the
open end 1 1 2 of the liner bod¥ 10 when the first and second_ _side

panel s 260, 170f he regapiasiePadyd! Bft thapbsereesesiisr thediseaded pard 15Pd0ns t he

cl osed distal end 114 of the liner body 110. 10 When each of the first and

second si de ppswiive #0coAddbtirsy ndnabéresfetheopiostieetid dpaieel arfthestabyisiner al | 'y
rectangul ar shape with a slight inward taper toward the | ower edge 164. In

other words, Egr(?necnc'?on bgfjvgeeen the cushioned liner 100 and the prosthetic device.

Suitable techniques for attaching the pin receptacle 150 to
the
10 closed distal end 114 include but are not limited to using an adhesive
material to bond the pin receptacle 150 to the textile material of the
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
15 114 of the cushioned sleeve member 100. For example, the receptacle
body 154 can be placed 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 cushioned liner body 110.
20 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



162 has a wwdth slightly greater than the width of the | ower edge 164.

Each of the first and second side panels 160, 170 has an interior surface 1
5 172 (thwo20ewass31a part of the interior 1 16 of the |imer/usead/0agd) and an
opposi ng exterior surface 174 (that fornms a part of the exterior 1 18 of
the liner body 110). As best shown in Fig. 4, the first and second side
panel s 160, 170 are attached to one anot hér al ong side edges 166 of each.
The side edges 166 extend fromthe | ower edge 164 to the upper 20 edge
162. The di stagtachatiab drfidansther atorig predeiteteinelateanss taiprovidadie an

annul ar shape or sone other desired shape so long as the distal panel WO

2003/ 080313 BGLLLSAANB1008034, 118, 1800 AL 8RR GEmEBdiNnt e Iiger body 1

10 when it is connecte o) Side pan he di stal panel 180

has an interior surface 182 an exterior surface 184 and a p}gri pheral ,
ci r cunf er ent ibadyebil@ is ggmethef thiererisremsf sextirenaiesioh naRal Trs@Shoul d be
such that when the first and 5 second side panels 160, 170 are attached to

one anot her, sehgndisideéibandianedo, 1870 corpd aisthlypaxdiersls. arefessblihehofiest | over
edge (i.e., defined by the |ower edges 162 of the panels 160, 170) so as

Accor aPngl y. GRS 5iar eenaRa Rc ot TFdueRiri® SbOSheBRY B o chea 1o

one another along 1 0 the side edges 166 to formvertical seans, the |iner
body 1 10 hagha firsubnd secehdsédeapanelhel @f),st a0 haaran upser edoeidéd thatencl ose
the liner body 110. The distal panel 180 is attached to the | ower edges

162 of the fifhahs the open end 112 of the liner body 110 when the first and second
side panels 160,170 are attached and an opposing lower edge 164 that
forms the closed distél end 114 of the liner body 110.

10 When each of the first and second side panels 160, 170 is
flattened out, each panel has a generally rectangular shape with a slight
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

15 172 (that forms a part of the interior 116 of the liner body 110) and an
opposing ekterior 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

20 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



and second side panels 160, 170 along its peripheral, circunferential edge
186. 15 As best shown in Fig. 5, the interior surfaces 172, 182 of the
first andweeomdoxdde panels 160, 170 and the distal pi @ca/usa3/008034
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 fornmed of twp7different materials that are 20
knit together so that the fibers of one material formthe exterior surface

of the respeci{gyemiaes ciehddithBainer 8bdye1Oiesn WEkIdrdlectdd B the
interior surface of the respective piece. The texture of the interior WO

2003/ 080313 PCT/ US20 3 8 1 is.d b
the cushi oni nJdRdPEES,] 8hg%§|s+§§ﬁﬁ tiaEBa'P%l {%% haﬁtaéi I%?ﬁéhg?éé%% %80582

to formthe cushion | ayer 120, while not permtting the cushioning
material to bdamedtetrimcaugfaamﬂ8étdmlravipzeeiphémhatiectlmfetrlaetieke@gé dB6sufhaces
174, 184 thereof. As 5 illustrated in Fig. 5 the 'exenplary interior

surface of thg &%&%A@Pﬂmge*s% pdlast BORhSLIEr bd E&cﬁﬁngﬁm@ethfe%s%%@rb' ng

t he cushioning materia erring nowto FI gs. hr ough he two side
panel s of material 160, 170 used to construct the |iner bod 10 can be

attache® to tRFEMhoHRMANGS ﬂm@oaﬂyonﬁr@b%tﬂa@?e%%Qéﬁtqr‘t?ﬁﬁPr ttéérfh? @es,

including 10 stitching the two side panels 160, 170 of textile rraterl al
al ong the si dgaslge80 tompiotelpertareistactass shé bpbrdovwseadgelf.s., ddfered he two

side panels 160, 170 are stitched to each other, a wide variety of thread
by the lower edges 162 of the panels 160, 170) so as to enclose the
distal end (second end 114) of the liner body 110. Accordingly when the
first and secoqd side panels 160, 170 are attached to one another along

10 the side edges 166 to form vertical seams, the liner body 110 has a
tubular shape and the distal panel 180 is used to enclose the liner body
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.

15 As best shown in Fig. 5, 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 two different materials that are
20 knit together so that the fibers of one material 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



types can be used and a nunber of different stitch types can be used. In
one exenpl ary enbodi nent, thread forned of a synthetic material, such 15 as
nyl on, i swoee/dse31attach the two side panels 160, 170 t ®@COrEs2e3008084 UuSi ng
a flat-locked stitch. A flat-locked stitch is preferred because this type
of stitch tends to create a smoboth seamthat is less irritating than seans
formed of other stitches. A flat-locked stgtch also permts the two side
panel s 160, 170 to' sufficiently stretch to accommbdate the 20 stretching

of the cushi oggeabbdgr7210GBd t&aéleé?gﬁé'd S0 HWisbAP tHhd) 8 UBRIORMH H%Qénal%aﬂ"ﬁ
cushi oned liner 100. WD 2003/ 080313 PCT/ US2003/008034 19 Simlarly, the

di stal panel 180, of textile mater,i al nected to,the dis | ower
ends 164 of t ABPYGRLS Fife IHEHET sorages 372 TR0 1o he GBI YET 120 ¢ ched
seam 173 usi ng any nunber of stitch types. However, the distal panel 180

of material i svhileefer pdyinyitidom blee cadhibnirg hha&eda’zlsltoalblebdvtbrom‘rder 164 of the
first and second side panels 160, 170 of material using a circunferenti al

seam 173 ¢ hal ogvilsd ibrdi@3hesdiibRly sTiBobd 194, otk SR Shde pancl s of

materi al 160, Pst &l panel can bé forne any nurrber of

di fferent textl |l e 10 mat eri al s haV| ng a. predet erm ned t hi ckness % y) .
Preferr@d texillustrated &t Fig..dhe esmpplpey indsriptsurfage ohdhe textile g @r@'t y
that permits the prosthetic liner (cushioned liner 100) to stretch a

pr edet er m ned hasRuwaffilélike R@peardite faPRIbseaiihgthefcushbring mhateddl.l i ner 100
to the residual linb
Referring now to Figs. 1 through 8, the two side panels of
material 160, 170 used to construct the liner body 110 can be attached
to one another using any number of conventional techniques, including
10 stitching the two side panels 160, 170 of textile material along the side
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
15 as nylon, is used to attach the two side panels 160, 170 to one another
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

20 stretching of the cushioned liner 100 that occurs during the normal wear

of the cushioned liner 100.



130 and during the normal notions of the cushioned |liner 100 as the 15
wearer takes steps or otherw se noves the prosthetic linb (i.e., the
pr ost het iwocdesd/msed13 For exanple, the two side panel s 16@CTARMEMAIIBHE
di stal panel 180 can be fornmed of fabrics selected fromthe group
consi sting of: stretchable non-woven fabrics (e.g., the Xym de |line of
fabrics including Wearforce(r) fabrics fridn DuPont, W/I mi ngton, DE); 20
Lycra(r) based materials which include segnented el astoneric pol yurethane
fibers (i.e., spandex tSipglarighrhesistabpapdlek8dplf daxtilecnpteisd cahdhe i cs

pol ychl oroprene fabrics); nylon, spunbonded ol efin; |ooped nylon; WO

(
2009 et CHHEP R A GPUIP TR el g AP 1, 7

pol ypr opyl eneOHIY rics. e appreciated that the
above |list of suitable fabric materials is not _exhaustive and is nerely
exenpl ary i n alabgrecissumfrsentialnstitchgd slearmd 73 ygieg agyy MAMPRE Ofgtitsh al s t hat
be used to.formthe liner body 110. 5 Further, it will be appreciated that

the fabrics uggpdst 0dRETEE RBcRIiSEEPanel | B6TofbREYerial 16 pasferalilpicannbbyed
el astic fabrics that can be provided in a woven, knitted, or non-woven

form One preferred. fahric mater) t s used t £ Si

panel s 260, 1%t|%g'sfﬂg°me§teépsp{a@éIotfrl%gﬁ firgt gntﬁggpﬁgégé&né%&g%%obg gester
and pol ypropyl ene knit fibers. As shown in Fig. 5, the fabric is
constructed (&hirtakefial o aacimmymidnantialteeapollyssthat Hasheflatienkadne

surface of the fabric and the pol ypropyl ene fibers formthe opposite
surface of th&i{cﬂpri c. In the present prosthetic liner, the polyester

The first and second side panels of material 160, 170 and

the distal panel 180 can be formed of any number of different textile |

10 materials having a predetermined thickness (ply). Preferred textile
materials are textile fabrics that have an elasticity that permits the
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

15 wearer takes steps or otherwise moves the prosthetic limb (i.e., the
prosthetic device). For example, the two side panels 160, 170 and the
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);

20 Lycra® based materials which include segmented elastomeric
polyurethane fibers (i.e., spandex type fabrics); supplex nylon, neoprene

fabrics (polychloroprene fabrics); nylon, spunbonded olefin; looped nylon;



surface is intended to forma part of the exterior 1 18 of the |iner body
15 110, while the pol ypropylene surface is intended to forma part of the

i nt eri or WOR6030f8031he | i ner body 110. The pol ypropyl ene PaTfizea3hes3a
distinct texture in that it has a waffle-like texture. Wen the fibers are
knitted in this manner (waffle-like), a nunber of interstices are forned
across the polypropyl ene surface. As will 4ge described in greater detail 20
hereinafter, the interstitial characteristic of the side of the fabric that

forms the int egudlacfd fabis: E@%Sﬂerlﬁsoﬂgﬁaﬁpl@aeoaﬁaBérmrdﬂnbér afbridshak is
applied to the interior of the 1iner 1 10 to be readily absorbed

N D 0% G LSRR IR o T R B, O

SC under the style/pattern No. 952561-804. Advantageously, a fabric
construct ed i rexhlagstigé andnemhershe dxeswptay ialnadws aheé notidimitingraf tmet erial to
enter into the 5 denure of the fabric but is resistive to the cushioning

material mgraiipg ofthBF?H%tfehﬁlsfﬁ%rt'b% hdMmd E1iher b H{/‘; 116

mR :
across the exterior surface 118. In the f |naF@r uct, e ushi oni ng

mat eri al_ shoul conf ed to the interjor surfaces 116 while the
exterior surfdgd’ég"ei itSWé[ e@PQéeq?T@ﬁ’\mtEﬁgﬁP%‘Fﬁ Hgeske dpfnal the resert

material used to formthe liner body 1 10 is preferably elastic
(stretchabl e) liner doelyot 10mare preficed gy addstid fubricdi thae icharnse pralided icapabl e of
adjusting to variations in formand size of the residual linb 130.

Dependi ng UPOMBO&,%%%&Go?BBhl\RISBER'}orM‘e t hi ckness of the textile

One preferred fabric material that is used to form the two

side panels 160, 170 and the distal panel 180 is a fabric formed of

10 polyester and polypropylene knit fibers. As shown in Fig. 5, the fabric is
constructed (knit) in such a way that the polyester fibers form one
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

15 110, while the polypropylene surface is intended to form a part of the
interior 116 of the liner body 110. The polypropylene surface has a
distinct texture in that it has a waffle-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

20 hereinafter, the interstitial characteristic of the side of the fabric that
forms the interior of liner body 110 advantageously permits gel that is

applied to the interior of the liner body 110 to be readily absorbed within



material (e.g., fabric) can be altered and while in one enbodi nent, the 15
material/ material thickness of each of the first and second side panels
160, 170 we 20¢32088Hae as the material/ material thicknes®Cofuseés/oososs al

panel 180, it will be appreciated that the material and/or materi al

t hi ckness of any one of the first and second side panels 160, 170 and the
di stal panel 180 can be different fromtH&l ot her pieces. In one 20

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

construct theihel ingdrstiody. I kyppd bomaeimwist cdmbidiciallg aviailableofudbn0. 200 i nch.
In the enbodi nent where the fabric material is a knit of polyester WO

of che fabri VMU RaFoRPaGes Seafanfit St SRNLER Bl i R

pol yest er/ pol ypropyl ene knit can vary depending upon the particular
appl i cation. 282b63t8@hovkdvanteggeusly, & fiabiiglgonstructas wutE oned |iner 5
100 of Figs. 9 and 10 provides a nunber of advantages over the

conventional prestBRtibAed IM&indlalRPvnd BuShiBning Aatddlaosaieet intealbey, the
distal seam 18 of the traditional prosthetic |iner 10 has been elim nated

0l stal panel dGwrEOLie @heeduionde =iy ddns sBiieh s esel UL ce 10
fabric panels 160, 170 along the circunferential seam 173 that extends
around t he pethrpbgh ahe ddigec dforh tbe dnsariar spafieele 180 acnstsetive extebior ng f or med
across a nedial section as in the traditional prosthetic liner 10. By
elimnating aggi-stah 13ean {akin&X0eadet, AHOa K HidKing  rmbedriafBHoAld bé&e
confined to the interior surfaces 116, while the exterior surfaces 118 are
free from the cushioning material.
10 The material used to form the liner body 110 is preferably
elastic (stretchable) in one or more, preferably two, directions and is
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
15 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
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
20 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

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



prosthetic liner, such as distal seam 18, the wearer of the present 15
cushioned liner 100 experiences increased confort since the distal seam 18
i s associwbDedodmsbdt3irritati on and general disconfort, ewpemn/tisaou3loesodases

when the distal seam 18 is covered with a cushioning material. It will be
appreciated that the distal end 1 14 of the cushioned liner 100 does not
include a seamthat is positioned in a 2@2 ocation where the residual |inb
130 will cone into contact therewith. In nany cases, the residual linmb 130

tapers inwar dhy goeropyidre fib&isalthe shigkpessndf due falorid heatedsllisadbattafd of a
|l eg and as a result of typical WO 2003/080313 PCT/ US2003/ 008034 23

surgical technigue hat i i U & The
esidual | miRtad et B IhERRLALBY e bRt Aa ) g RGNSy 12
is wthin the circunferential seam 173 or at |east preferably contacts the
ci r cunf er ent idgbendiag R Hhe padiawhat aprdicapieer al portions of 5 the residual

limb 130. At the very least, the wearer of the present cushioned |iner 100

does not experience a Nsshast SAANNIIHFIGND Aeovgh 1 UNHRy pestibnéddineesi dual
limb 130 and preferably, the cushioned liner 100 is constructed so that

2 negBi gi bl SO SRS PER O RN PSLETGE 1Y ARATIBREE O BRTRC o st al end
of the residual linb 130 is an extrenely sensitive area and therefore, the
el i m nati on ebnasaptishaltmrbstiptachinas! @ shewrsembigt iVle Mara, spaciidallys the
cushi oned sl eeve nenber that is substantially nore confortable than
traditional pEgstBethc1dihehs: traditional prosthetic liner 10 has been eliminated
by constructing fhe present cushioned liner 100 so that it includes a
distal panel 180 at the distal end 114 that is attached to the two side
10 fabric panels 160, 170 along the circumferential seam 173 that extends
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
15 cushioned liner 100 experiences increased comfort since the distal seam
18 is associated with irritation and general discomfort, even in the cases
when 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
20 location where the residual limb 130 will come into contact therewith. In

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



The cushioning material is applied to the interior surfaces 15 172, 182 of
the first and second side panels 160, 170 and the distal panel 180,
respect i Webypoxeofior m t he cushion layer 120. The proces®cafuseppbsmsng t he
cushioning material and controlling the thickness of the cushioning
material, so as to permt contouring of the cushioning material, along the
interior surface 1 16 of the liner body 280, will be 20 described in
greater detail below. Preferably, the cushioning material is applied to

interior surfsaegisallibehaiqudiettial lasé eiplogped dadingiateampltattom prateduré60, 170
to coat these panels fromthe |ower edge 164 to the upper WO 2003/080313

PCT/ US2003/ 0 034
182 of the di %’%ipﬁiéé%z%%d If/s %égﬁffﬁén ?%#e)ﬁ lg\?ﬁehggz |one lélrrﬁg(ra

100 i ncl udes the | ayer 120 of cushioning material and has a formfitting
shape wi t h arhabisopsthiretide tircamifatentishseamt hé3 afpitiaastoprefeiadly 130 nay be
i ntroduced, a closed end opposite the open end, an interior and an

exterior. Th%on&&@fﬂh%fcuﬂiurﬁfb?eﬁﬁeﬂméaﬂed 73 Q@fhé%s't?éﬂ@ﬂef@cbdﬁohbeﬁ
interior surfaces 172, of the panels 160, 170 80 that are attached

cushi o ng. 169 ﬁ?r{s‘%pval"hm L?é'v e ¥SSRaR. (begvoarn iR FEaI 120) |
bet ween the anputee's residuum 130 and any prosthetic device to be worn,
attached to,cushioned liveerr B30 dioes ri@expEnienceshiistal sganarwniing acsoss ef er abl y
a polyneric materi al
underneath the residual limb 130 and preferably, the cushioned liner 100
is constructed so that the contact between the residual limb 130 and the
circumferential seam 173 is negligible or nonexistent. As previously-
10 mentioned, this distal end of the residual limb 130 is an extremely
sensitive area and therefore, the elimination of any stitching across this
sensitive area, provides a cushioned sleeve member that is substantially
more comfortable than traditional prosthetic liners.
The cushioning material is applied to the interior surfaces
15 172, 182 of the first and second side panels 160, 170 and the distal
panel 180, respectively, 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
20 described in greater detail below. Preferably, the cushioning material is

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



and in one exenplary enbodi nent, the cushioning material is formed of a 15
gel, a thernoplastic elastoner, or a conbination thereof. For exanple,

sui t abl e wbhenensbasti ¢ el astoners i nclude but are not | PRITGESANNBM08034

t her mopl astic rubbers, silicon containing el astoners, thernofornmable
materials, etc., that provide a confortal@d4e interface between the residuum
130 and a prosthetic device. 20 In one exenplary enbodi nent, the cushi oni ng
material is adgeol §2endisofibo tapptied so achamoizeidr slriackl 18X ofapeldistal and
mneral oil. The gel that can be used to formthe cushioning material can

either be a d%%?%g%gpd gel or a foaned gel (which is produced using a
foam ng WD 2 I3 PCT/ US2003/ 008034 25 agent). The mneral oil is
present in an anmount that is effective to produce a cushioning materi al
havi ng desired properti®s pagdorslypnentpaed ytheppusiianed fines d R00NgKLIESy
wei ght based on total weight, dependi ng upon the precise application. 5

The pol yneri cihgah@ei fbousiesudiiotifgMbteRiat anblimzes fbimgritihGhape with an
characterized by a certain duronmeter range. According to one exenplary

enbodi nent, d t t he. cushi oni terial th
Shore "¢ scatieh o TigugrorRBCE AR NEEE) St e TR0 MRy b itaaredy "

typically due to a higher level of plasticizer. 10 Preferably the polyneric
gel has a durackised §r8hoppogije thmbpentenie@andnterigsmarsk amexéerioiunbhe ski n and
it has been found that the above duroneter range of 1-20 generally
provides the gelidrdeiHebusMibRed HhEARDS 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

nonfoamed gel or a foamed gel {(which is produced using a foaming



characteristics. In one enbodinent, the mneral. oil is present on an
equal weight basis, or in a weight ratio of 1/4, with regard to the anount
15 of polwoewixosnateri al present. The mineral oil is preeCarehoogopsossfied
mneral oil and is preferably USP grade. In one exenplary enbodi nent, the
cushioning material is fornmed of a Krat@¥®type rubber material (Shel

Chem cal Co.). For exanple, the polyneric material can be fornmed of the
fol | owi ng Kraigenty.) TRE minebslrsit isspresemeinear phrenavtithay ientfestiye éae bl ock
copolynmers or styrene- ethyl ene/ propyl ene bl ock copolyners and are

available in tri Blﬁ?ﬁ%kC&w‘miﬂha%gfeFE‘F RE¥ing GROBAPR g@/iyé@@%&98034

26 The ponnéVPg shioni ng can~al so be a ' blend o raton(r)

rubbers and oils, such as mineral oils, (including typical stgbilizers)
whi ch provi deprasenivierigen QiFoiebeveight based opgotanusightpdepgRAIPGARAY | y
are formed of a rubber having a | ower duronmeter (1-10 5 of the Shore "A"

scal e) and a thehhekisBagplgationl gher duroneter (e.g., 11- 20). The bl ends
are preferably capabl e of being stretched 100% or nore before tearing and

Mner o elasti 61 ty. FurtnePlTay BBt ek R s FRh e e R .
materials tend to provide the cushioning material disposed of 10 the
interior 1 16saharéctednsthibyredettpinedurpnietar range.sAicsRydingeld e whi ch
enhances the ability of the cushioned liner 100 to be formfitted agai nst
the residual LidRoh3P eftodimehBedindhhdtelL feioMeasiis iGhinganatdrial ¢angeé oni ng
from 1-20 on the Shore “A” scale. The lower the Shore A number, the
softer the material, typically due to a higher level of plasticizer.
10 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
equal weight basis, or in a weight ratio of 1/4, with regard to the amount
15 of polymeric material present. The mineral oil is preferably purified
mineral oil and is preferably USP grade.

In ohe exemplary embodiment, the cushioning material is
formed of a Kraton®-type rubber material {Shell Chemical Co.). For
example, the polymeric material can be formed of the following Kraton®

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

ethylene/propylene block copolymers and are available in triblock and

diblock form.



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

st yr eneetWgl2eesx8hdBadi ene- st yrene bl ock copol yner. Sui t blraspal3ypns®ss c
materials, having the aforenentioned desired properties, are comrercially
avai l able froma nunber of sources. For &nple, polyneric materials
comercially distributed under the trade nanes C 20 Fl ex 1970-Ws
(R70-339-000), C- Fl ex IPGEpdh/rhgriConshkibhitat edt&lddlyceer alsddohadilend e of
Largo, FL and under the trade name Kraton G 1654 by SheII Chem cal Co. are

itable f
pCT/ 082003/ oobesar” St ROl R AhRL ol BhePuma N oy

dependi ng upon the precise appli catl on and upon the deS|
char act eri st i gfabdizershavhichsproyisiaian anerageodurocaster &f If spmthe?or at PEs%f
polymer to mineral oil can be fromabout 1:1 to about 4:1. In addition to

using 5 Styreﬁléhagﬁ{/&l&ﬁfl‘@l&@%ﬁﬁ@d oF aStupbenBagingyh enwebdupshhets-(dtyoene
bl ock copol yrrers (mxed with mneral oil), other suitable polyneric

Castordy or ot His OPHA rlneCoI e a7 oter g s Aate BFFIBRhIEndda i on

mneral oil and can performthe prescribed function of providing a
cushi oni ng 102@xt hedilesds nebpeefemblyisepabletdfebeing exitrigheg plQQ%t eromere
M xtures of all of the aforenentioned polynmers can al so be used to form

the polyneri Chefore tearing and are capable of providing a form fit to the residual limb
due to their inherent elasticity. Further, low durometer Kraton® rubbers
and other materials tend to provide the cushioning material disposed of
10 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
material and the skin.
In one exemplary embodiment, the polymeric material is a
15 styrene isoprene/butadiene block copolymer or
styreneethylene/butadiene-styrene block copolymer. Suitable polymeric
materials, having the aforementioned desired properties, are
commercially available from a number of sources. For example,
polymeric materials commercially distributed under the trade names C-
20 Flex 1970-W5 (R70-339-000), C-Flex 1960-W5 by Consolidated Polymer
Technologies of Largo, FL and under the trade name Kraton G1654 by
Shell Chemical Co. are suitable for use in producing the cushioning

material.



cushioning material. In one preferred exenplary enbodi nent, the cushion
material is a polyneric material that has gel-like characteristics and
15 for nulaDedozson3bl end of a PCT/US2003/008034
pol ystyrene- pol y( et hyl ene- et hyl ene/ propyl ene) - pol ystyrene bl ock copoly
(SEEPS) and oil, such as one or nore mn&fal oils. A suitable gel-like
cushioning material forned of a SEEPS copolyner/mneral oil blend is

comercially
of Wi ppany,
that the cus

avai | abl e wRdestid g golpsier th anmeRNloiGrill $4298eperadin@aippael
New Jersey. 20 The cushioning material is also selected so
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exanple, it
being rolled
liner 100 is

Advant ageousl

is desirable for the cushioned liner 100 to be capabl e of
yehioned (ises190PCELUS2IY 3T BT of R8laeLE® Minerat @dHiaohke)
pl aced on the residual |inb 130 and/or prosthetic device.

¥ront B80GHIHM @B iaBGURL BT 'lﬁ'adﬁtn@ﬁ $0 usfgpi gned to provide

beneficial noisture to the residual linb 130 during the wearing of the

cushioned lin
anti oxi dant s,

commonl y used
skin of the r

oil, baby oil
toits applic

10

15

20

SbERPIAeP B ALIOAS o, SRR B Shg B FdiGpe ARl PR R <

i ng
i's
mer

LLC

For

in polynmers. In addition, skin conditioning agents can be
added to the popylyaidrs (miked wath nﬁnel‘radaoilbw;th'eoae'rﬂabliermlyll@ﬂictmawtw&e t he
esi duum during wear. Such skin conditioners include mneral
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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
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
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.

The cushioning material is also selected so that the
cushioned liner 100 can be placed on the residual limb 130 in such away
that the polymeric material does not drag against the skin. For example,

it is desirable for the cushioned liner 100 to be capable of being rolled



menber. Al so, astringents, biocides, nedicanents, etc., can be added or
applied to the cushioning material to avoid infection or heal sores, etc.
The si ze wb 20¢82086318hi oned | i ner 100 can be vari ed depenacCmgsS2diB3/00§99n t he
di mensions of the residual linb to be enclosed by sinply proportionally
varying the dimensions of the pattern whidth is used to cut and form each
of the first and second side panels 160, 170 and the distal panel 180. In

ot her words, Kdferd engthsihibnttdinet90icoBadatéden thedresidumhlimiofl 30hand/or
enbodi ments di scl osed herein can vary and the cushioned |iner 20 100 can

easily be manufagtured i.n a i f L npl altering
the di mensi ond° ﬁ‘#hceg%\gf?'er/g(!é\'rgj‘gé%g%%g\”o{rlﬁ ?%h'?bﬁ]gfm%%%%éslggddnsg fabric

si de panels 160, 170 and the distal piece 180. In one exenplary

enbodi nent , tdesignechiopeevide meneiiom! peeisture dadghr nseldnsb AimdhdaP drNgch Wo
2003/ 080313 PCT/ US2003/ 008034 29 to about 20 inch. Typically, the

cushi oned | i ngfe }@8rih§ FaRStdushicifbd herFOB. aviprener] tirdclisiighingand then
the individual wearer™s can nodify the Ilength of the cushioned liner 100

by sinply cutting.agnd rengvi,n n_. er rtio f. e @arti this
nmanner ,El’t he cW@ﬁ%&ﬂ?éﬁaY i Fd‘igﬁﬁeéﬁég‘? eSLF:%\ Y Xﬂlﬁl;&"rﬁé Ic%du%’e%%cfg'e%%%/@a
length that fits or can be easily nodified to fit a |arge percentage of

t he potenti al othes taomiexidants caimrnobly destin pelymers grisaaddiié®@i $kiRer ei naft er,
the thickness of the cushioning material can vary along the interior

surfaces 172, ; t Ll [ maBEiRateaiebs tA60, 170 and
t he distal pa%é?d%ﬁ;ﬂﬁjgo?&?%gr% y@@pggﬁ‘lgf??(ggét%kness ?/ari ations in

prescri bed areas where . . .
cushioned liner 100 to soothe the skin of the residuum during wear.

Such skin conditioners include mineral oil, baby oil, etc., which can be
10 added to the polymeric material prior to its application to the sleeve
member. Also, astringents, biocides, medicaments, etc., can be added

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

The size of the cushioned liner 100 can be varied depending

15 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
panel 180. In other words, the length of the cushioned liner 100 of any
of the embodiments disclosed herein can vary and the cushioned liner

20 100 can easily be manufactured in a number of different sizes by simply
altering the dimensions of the patterns used to form the first and second
fabric side panels 160, 170 and the distal piece 180. In one exemplary

embodiment, the cushioned liner 100 has a length between about 8 inch



addi tional cushioning is desired to provide added confort and protection
or where less cushioning is desired due to other practical considerations.
The over aWb 2068/8k318ss of the cushioned |iner 100, that PETiUSR0SWN800d t he
t hi ckness of the textile liner body 1 10 and the thickness of the cushion
15 layer 120, is between about 2 mmand P mm according to one exenpl ary
enbodinent. It will be understood that the foregoing neasurenents are
merely ill usttoadbore 20theln Ngpidally] thd besisionpée liokr 1@oisecdnsirudted tbhe
cushioned |liner 100. Thus, there may be particular applications where a

thickness outsi fle, g)freécmﬁe%f 18h§ QEB Qﬂﬁﬁ’ th& M5Gvigal i\/\g\{’argﬁs%ﬂ medify ?he

exenpl ary process e cushi oni ng mat er to an article, such
as the liner body 110, is |IIustrated in Figs. 7 through 15. For purpose
of i1l ustratilengénpfthe sushipasedtinepl 90eL¥% s\vmplv Fyiiing %d VEMouY 980313

PCT/ US2003/ 008034 30 described with reference to the exenplary |iner body

110; however,ypger p/urhbnttﬁ HadkHtisleQOth tHigmainer! yie cabhionedrlinef 100 easan be
used in place of ‘the liner body 110. In ot her words, conventi onal
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pressure and is done in such a way that the thickness ofcthe cushioning
material can teeficeramgsl pedentage olithe peieatiel cdetpreersef precision conpared
to conventional nethods of applying the cushioning material, including the

af orenentioned di ppi ng REQGASSe dEbGiBdY FKaRes detaif RBreinafter, the thickness
of the cushioning material can vary along the interior surfaces 172, 182
of the first and second side fabric panels 160, 170 and the distal panel
10 180, 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
thickness of the textile liner body 110 and the thickness of the cushion
15 layer 120, is between about 2 mm and 19 mm, according to one
exemplary embodiment. It will be understood that the foregoing
measurements are merely illustrative and do not limit the scope of
protection for the cushioned liner 100. Thus, there may be particular
applications where a thickness outside of the aforementioned range may
20 be desired.
One exemplary process of applying the cushioning material
to an article, such as the liner body 110, is illustrated in Figs. 7 through

15. For purpose of illustration only, the present process will first be



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

regi ons. Wo 20@moaBus 200 for applyi ng the cushi oni ng nmeCEESa0030n%HSS
pressure to.the interior 1 1 6 of the liner body 1 10 is illustrated in
Fig. 7. The apparatus 200 includes a ba8® nmenber 210 and a positionable 15
mandrel 220. The base nenber 210 has a cavity 230 fornmed therein and has a

pr edet er m neqie3bARE] AVith PERABAE 18 B8l edbmls Oimer aaly TBO; hbeevar,iied
according to the precise application. The base nenber 210 has an upper

surface 212 that is preferabl | anar ip.nature and the cavi IS
defined by a ¥iirB%HRA ?rr?ao%‘ﬁk@%‘t%P\étﬁezf)?\l/{ﬂ?rcﬂrtlcrlne £Ae %“??‘fﬁ’{sﬁ’?éé%z"ﬁ

enbodi ment is a vertical housing that has a circunferential outer surface
234 and an i thedingubbdgel P36 If cdlért wonds,| gonveationed priégles hecluding ty 230.
The vertical housing 232 thus has an open end 231 and an opposing cl osed

second 233. RERA6AS0R s RGN ha003/ 0080 Bfesedt drocéde exenpl ary
er 210

enbodi ment, the base ne Includes a first plate 237 which defines

t he upper surface 212 and a spaced second ate 229 with. a nynber of |egs
235 ext®ndi ng bet ween 'f‘ﬁ@'sf?mgpdﬁﬂﬁnﬁég%’d’% [odRg "ﬁ?,”alz]*fga‘? 'egu‘b'ﬂ)(g "t t%e

first plate 227 5 relative to the second plate 229. The vertical housing

232 extends presymenaridis dérein such aswandhpt tiethizkTess2@Btiandustinnimgt end
t hrough conpl enentary openings fornmed in one or nore of the first and

second plates 220 24%e LOSrYfLd 1§ mIBHYroRef Ao PEE bR HARLNiohS arranged in

a

compared to conventional methods of applying the cushioning material,
including the aforementioned dipping process. The thickness of the

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

An apparatus 200 for applying the cushioning material under

pressure to.the interior 116 of the liner body 110 is illustrated in Fig. 7.
The apparatus 200 includes a base member 210 and a positionable

15 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
has an upper surface 212 that is preferably planar in nature and the
cavity 230 is defined by a surrounding structure 232, which in the

20 illustrated embodiment is a vertical housing that has a circumferential
outer surface 234 and an inner surface 236 (cavity wall) that defines the
cavity 230. The vertical housing 232 thus has an open end 231 and an

opposing closed second 233.



central |ocation of both of the first and second plates 227, 229 such that
10 the legs 235 are located radially around the vertical housing 232. It
will be wodesxsesnd t hat a nunber of different constructPCoOrEs2e300§996si bl e
for the base nmenber 210 so |ong as the base nenber 210 includes the
cavity 230. The base menber 210 can be f&Thed of a nunber of nmaterials so
|l ong as the nmaterial that defines the cavity 230 can be 15 exposed to the
el evat ed tenperatures tihaheapenigary edbodimpnydihechdsequiednbesr2 11 t en
cushioning material w thout being danaged or otherw se i npaired.

Preferably, %B&Iu?%ﬁea ﬂrs%% ezégri\ﬁhifcﬂrd’@ﬁ\eegftth% Lﬁ%&lsur%eeﬁﬁglano@t ionally,

the cavity 2 communicatively connec a vacuum source (not
shown) such that the cavity 230 can be placed under a vacuum at sel ect
times during snasegraesesd mlate 33PIWithe pumbes @Sledn3§ weticaping belyvesk | i ner
body 110. For exanple, a vacuumis preferably applied near or at the

di stal, closegeem@dt 333 stlcohBeplgrsi 237 2800M0 bHro 803 Hids PEIhtd 22003/ 008034

32 to provide a force to assist the placenment of the liner body 1 10 within

are forted | rolaba B T sroaitail 28 Sha il TRlRE e Ghts e

cavity 230 at or near the distal closed end 233 thereof. A5 conduit (e.g.,
t ubi ng) can coestmessn theefitsiandnsguondsplates Bd7v 22%uand seoredengvierpudie vacuum
source is actuated, air is withdrawn through the vacuum ports, thereby

resul ting in & RpRISHErY BPESHGSTotMelif dHeSéinore of the first and second
plates 227, 229. The vertical housing 232 preferably is arranged in a
central location of both of the first and second plates 227, 229 such that
10 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
materials so long as the material that defines the cavity 230 can be
15 exposed to the elevated temperatures that are required to produce liquid
or m;)lten cushioning fnaterial without being damaged or otherwise
impaired. Preferably, the base member 210 is formed of a metal
material.
Optionally, the cavity 230 is communicatively connected to
20 a vacuum source (not shown) such that the cavity 230 can be placed
under a vacuum at select times during the process for applying the
cushioning material to the liner body 110. For example, a vacuum is

preferably applied near or at the distal, closed end 233 of the cavity 230



end of the cavity 230. As wll be described hereinafter, the liner body 1
10 is inserted into the cavity 230 such that the closed end 1 14 of the 1 0O
i ner bodwoXo@mspH3i nserted first and i s positioned neaPCorusatostobs3¢c| osed
end 233 of the cavity 230. Because it is desirable to open up the |iner
body 1 10 so that it assunes a nore tube&dike shape, the actuation of the
vacuum source causes the fabric material of the liner body 1 10 to be

pul | ed towar dot revivhyh tfyrostd asdist e placeinen2 3. théHimey &odyn $Owritkeinl 5 t hus
serves to properly locate the liner body 1 10 within the cavity 230 (i.e.,

Phe ol osed eriesnyy 28Re RR0H oGt QB Hhe ahnthe b B B ot o0 -

structure having a first end 221 and a second end 222 that is received
within the cashawnkae turiedgin the erdicpl bewsing A3ZppHyn kemmenteaéienon
material to the interior 1 16 of the liner body 110. The exenpl ary mandrel

220 thus has githoMel &REIV 289 atdiaisartBbalistef cladethénd 283t the?Sé¥. sA that at
| east a predetermned |length of the nandrel 220 can be inserted into the

Cmhod ront . (TRIMAERIB1. (DB o e TREr AN AT B 8rB<E Cttinal shape
with the second end 222 termnating in a snoboth rounded portion. The
cross- sect i onsdurde nedéhenshefacihenmrendeelis ae@aied, aib ipmdttatrabingthrouglni f or m
fromthe first end 221 to the second end 222. More specifically, the width
of the mandr el 220 R oD tHeddy RSURIHY® a pressure reduction in the distal
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
10 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
vacuum source causes the fabrip material of the liner body 110 to be
pulled toward the cavity wall of the cavity 230. The vacuum source
15 thus serves to properly locate the liner body 110 within the cavity 230
(i.e., position and retain the closed distal end 114 of the sleeve member
110 at the closed end 233 of the cavity 230).
The mandrel 220 is an elongated structure having a first end
221 and a second end 222 that is received within the cavity 230 during
20 the process of applying the cushion material to the interior 116 of the
liner body 110. The exemplary mandrel 220 thus has a complementary

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



its length such that the mandrel 220 has a greater width near the first
end 221 than at the second end 222.' The mandrel 220 can thus be thought
of as hawpogo@nsiimard taper fromthe first end 221 towacadaseés/oid3second
end 222. Wiile a nunber of different materials can be used to formthe
mandrel 220, the mandrel 220 nust be for@& of a material that can

wi thstand the el evated tenperatures of the liquid or nolten cushioning

material (e. dsxerdP@ryeMbodimeatethexeant 2 20vhadiangsierally AanURNEress-220 is
formed of a netal material. 15 The first end 221 of the mandrel 220 is

connected to a base n_turn .ed.tg a | er sized
support pl at 519 ofkaﬁ?%%W'ﬁét ¥ 8PEY %FE}gcﬁ?eﬁ%ﬁ"SHS ngdnt%%mogﬂgextends
across the first plate 227. The mandrel 220 is part of a systemthat

i ncl udes a 20ocodedgidrionf or adjusting the position of the mandrel 220
relative to the cavity 230. In one exenplary enbodi nent, the mandrel 220

is pneumatically OperaFI?@cRYssas&ftRﬂ{a@mfﬁéhﬁoﬁg%tfrt% rHQhélre‘I B3l 4@ usts the
position of the mandrel 220. In this enbo iment, a pair of pneumatic WO

L3 P ISEnt e Sal oo LAt B2 e Pecienid 22550, 2536
First ends of the pistons 252 are connected to the support platform 225
such that wheWotdeppcisicalns, thab®idtheofptheumanidesll230 grefeeablytyeeiepiadomms ar e
either extended or 5 retracted within the cylinders 250, thereby causing
relative rmvel'??ﬂatng% such that the mandrel ;220 has a greater width 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
10 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
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.
15 The first end 221 of the mandrel 220 is connected to a base
223 that in turn can be connected to a larger sized support platform 225
that is preferably dimensioned so that it extends across the first plate
227.
The mandrel 220 is part of a system that includes a
20 controller for adjusting the position of the mandrel 220 relative to the
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



the support platform 225 and the mandrel 220 which is attached thereto.
Because the nmandrel 220 is axially aligned with the open end 231 of the
cavity 23WQ 2068208038Br acti on of the pistons 252 causes th@Cwarsdeosloofd3d to be
drawn into the cavity 230. 10 Since the conplete systemis preferably a
programmabl e conputer controlled systen34the precise coordinates of the
mandrel 220 can easily be determ ned and nonitored. Accordingly, the
position of idyindemreselwizRUrivable pistdves 282i drg dSfosahatveintbtiiet verdidal
Referring to Fig. 8 the interior 1 1 6 of the liner body 1 10 is 15

coated with th ushikgni ng - ' LA,k N I ' ' sures
that the tni SPLallZp2ha? i Phe by 2o EBM! BlagBRRAS plIGRS 208
i ncrease precision conpared to conventional techniques. The liner body 110
i s placed i ntage chaneeksd ip tB0syRpRATt PRLTRRMa 245 eveR daatendnenithe Kty
inserted first into the cavity 230 and the liner body 1 10 is then 20

properly | ocates 1d bhbiimbfieabdril¥n, HHEpRtaM Hrd¥ithst ediendedtdre vacuum
source to cause the liner body 1 10 to be drawn towards the cavity wall

236 of the cavity 230. . .Ln_this.mann the liner body : WO
2003 08013 PoHPLRSSLBATIDA0S B AE o 50 (fhechy Eé”%‘ﬁ‘gprgi]avhﬂ"t%hﬁ‘t%ﬁ’gwgeﬁ’é2°fpane| s
160, 170 be drawn apart from one another. The cushioning material is
heated to an tebesupped platioper 22Grand He mandagl 220 tvhkicpds et tashediineretone
cushioning material 5 turns to a liquid or nolten state and then the |iquid

or nolten cugiQNkBYhe 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.

10 Since the complete system is preferably a programmable
computer controlled system, the precise coordinates of the mandrel 220
can easily be determined and monitored. Accordingly, the position of the
mandrel 220 within the cavity 230 can be monitored.

Referring to Fig. 8, the interior 116 of the liner body 110 is

15 coated with the cushioning material in the following manner which
ensures that the thickness of the cushioning material can be controlled
with increase precision compared to conventional techniques. The liner
body 110 is placed into the cavity 230 with the distal closed end 114
being inserted first into the cavity 230 and the liner body 110 is then

20 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



material is introduced into the inside of the |iner body 1 10 by any nunber
of conventional techniques, including injecting or otherw se feeding the
cushi oni ryoreae3d8dEB i nto the |iner body 110. As previ ou®CyArsesnsioosvad, the
entire systemis preferably a progranmabl e, conputer controlled 10 system
whi ch is capabl e of determ ning the amobu® of cushioning material that
needs to be introduced into the liner body 110 in order to provide a

cushi oni ng | ayere AAR-avsngpawtetes sidei pedls NiBOK1eXs be rawnaapantfrarh
cushioning material that is introduced is determ ned based upon a nunber
of factors includi but not limted to, the dinmensions of 15 the sl eeve
menber 110, fﬁ?‘ﬂwﬁgﬁgions of the mandrel 220, the dinensions of the
cavity 230, etc. As the cushioning material is added, it will pool wthin
the inside of the |inérhenodshiening meteriad izheatad th anglevdigdl 14 t hereof as
best shown in Fig. 8 The fabric material formng the liner body 1 10 is

20 i nper meabl@pifyrhfife SHENIOM AL R BbindlatanHichheeed@hionihgenstestai oni ng
material does not mgrate fromthe interior 1 16 to the exterior 118. In

order to effectively coat the insi of e ljnet bhqdy 1 t -

pr edet €} mi nedYfs E?(ﬁé?é{'é Pﬁé’“%ﬂ?}l?g&ﬁeﬁw{ N Jmer Ib%ﬂ@e% 'Pﬂégﬁé’%éﬁ'%%g WO
2003/ 080313 PCT/ US2003/ 008034 36 liner body 110 (Fig. 9). The nandrel 220
is directed wnatérial ihintrothiodd ioto thééndideerf thediped bodydl 0 pivearat evmibeed
position where the distal end 222 of the mandrel 220 is di sposed proxinmte

to the closed p&%@nt@’?ﬂl iléci\éﬁ’&uest, hﬁclbﬁﬂ@'inﬁ’é&%glépofﬂer@vise Féedidy thal end

222 is spacedoa predetermn

cushioning material into the liner body 110. As previously-mentioned,
the entire system is preferably a programmable, computer controlled

10 system which is capable of determining the amount of cushioning
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 including but not limited to, the dimensions of

15 the sleeve member 110, the dimensions of the mandrel 220, the
dimensions of the cavity 230, etc.

As the cushioning material is added, it will pool within the
inside of the liner body 110 at the closed distal end 114 thereof as best
shown in Fig. 8. The fabric material forming the liner body 110 is

20 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

predetermined thickness, the mandrel 220 is introduced inside of the



5 distance fromthe closed distal end 114). It will be appreciated that as
the mandrel 220 is noved into this preselected position, the distal end
222 cont awoD=20e3moeol of cushioning material and as t hePeaneel3/ 02804 i s
further driven towards the closed distal end 114, the notion of the

mandrel 220 causes the cushioning materi&@6to flow around the mandrel 1 O
220 as illustrated in Figs. 10 and 1 1 . In effect, the cushioning nateri al

is forced upiddheodiydesoqfid. 4. n‘ﬂﬁ'é'h%nd?@l%@@tl&\@%c{&?vﬂﬁﬂﬁrtﬁé ||2§Qe<1‘ﬂd t he

i nside surface of the liner body 110. By carefully controlllng t he

di stance betwee surface, of the mandrel 220 a .he inte
surface of t\kl\fg‘ r‘i fbon‘}@di 918, aPFF@%?%'l”?Q RGHITH er8f S@J?Hfjo%#gg 15
| ayer 120 can be controlled. In other words, the thickness of the

cushi oni ng | ayfethelrid@ndidl| 22 cedisaosey phexintete dbsthendesdxk tisdehendd 1duotr
surface of the mandrel 220 and the interior surface of the liner body 110.

Fovever , t e (S gi P13, 5l digkal bhao%s ROpSbd Birpehiboghisd _body 1
i

10 to ensure that a suffici ent "anount cus Ion materi I's 20 present to
formthe desi red t hi ckness of cushion Ia er 120. The anount of cushioning
materi & t hatdiP@ncRiTORIEIPASS distAbend Y- Jf Wil ARRECIIRY thabas s

preferably determ ned beforehand so that cushioning material is not wasted

when the mandhel maaaredl 2 20is2@d3eada il thiPEres&ORY Peifidd, thetlisealuaeatl i nto
the liner body 1 10 to cause the cushioning material to be dispersed

around the Taags Slorads E8 IRl Reid B M SEEP Sl S WRYAEpaRl 491U oni g

mat eri al spose I mer e actl mandr el

Wil cause the cushi oni ng material to be d| scharged from't he
further driven towards the closed distal end 114, the motion of the

mandrel 220 causes the cushioning material to flow around the mandrel
10 220 as illustrated in Figs. 10 and 11. 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
surface of the liner body 110, the precise thickness of the cushioning
15 layer 120 can be controlled. In other words, the thickness of the
cushioning layer 120 will necessarily be the distance between the outer
surface of the mandrel 220 and the interior surface of the liner body
110. However, the cushion material is slightly overpoured into the liner
body 110 to ensure that a sufficient amount of cushion material is
20 present to form the 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

that cushioning material is not wasted when the mandrel 220 is



5 cavity 230 since there is an excessive amount of cushioning material to
fit wthin the space between the outer surface of the mandrel 220 and the
i nterior wb2oés#sbimmer body 110. The mandrel 220 can opt ipcmaiskeosiongBade an
extra safeguard to prevent the cushioning material from being discharged
fromthe cavity 10 230. For exanple, thé&/mandrel 220 can include a novable
sl eeve (not shown) at or near the end 221 of the mandrel 220 that is

posi t i onabl e intredueszhiraortberlaet dddyok] @ itorcannd tha ashintied naisrial &hbeher e
the sl eeve covers the gap between the nmandrel and the interior surface of

the liner Dofdnddy akduRiene el Y20 hodi dfiple! Hearexedishe batiunt! s a

1ﬁ spring-lo ring at surrounds the mandrel 220 and i s bi ased agai nst
the interior surface of the |iner, body, 110.. The spring-| ed ring secrves
to prevent t e QUSENNIRY RoRteRiRkIS %ﬂﬁpw%%w'ﬁuwtﬁa lipgt b88ytﬁ€8'c§\ﬁ A &)
since it extends across and seals off the passage where the cushioning

material flowhe Réndletevill Rausante eusBRMing nurtesiantd be tdiechargse e dbe
extended position to cause the cushioning material to flow around the

mandrel. 220, .t S{D%éh{? @Lgf&'t %g@#ﬁﬁ;&ce@i@e&%ﬁﬁtﬁg]‘ EQstiBRlnd Rlatérial to

pr edet e5r ni ned?a results in the cushioni'ng materi al
solidifying into WO 2003/ 080313 PCT/ US2003/ 008034 38 the gel-like cushion
| ayer 120. Affitewithiretheepacr)bptween the ousersawdace akth el 229 gnd
retracted fromthe cavity 230 with the cushioned liner 100 still being
di sposed overihbheidrmrdiahedderasodyl { ¥etrated in Fig. 12.
The mandrel 220 can optionally include an extra safeguard
to prevent the cushioning material from being discharged from the cavity
10 230. 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
body 110. In one exemplary embodiment, the movable sleeve is a
15 spring-loaded ring that surrounds the mandrel 220 and is biased against
the interior surface of the liner body 110. The spring-loaded ring serves
to prevent the cushioning material from flowing out of the cavity 230
since it extends across and seals off the passage where the cushioning
material flows.
20 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 cushioned liner 100 is then renoved fromthe mandrel 220 by rolling 5
the cushioned liner 100 off of the mandrel 220 as illustrated in Fig. 13.
It will bwoapgrmeiiated that the application of a vacuumpPeirtuszen3/opdva4 cavity
230 is not critical as it nmerely assists opening the liner body 110. This
process of applying the cushioning materi38 offers a nunber of advantages
over conventional nethods since it provides a sinple yet 10 effective

process for con gellikengushientiyeakh28s Afftet thee coslingpetiay ¢rasliZdssetiptive
greater degree of precision conpared to conventional techniques. Because

t he di stance I d [ tar. of ' body 1
10 can be det %‘6?@32 %Qﬁs g%@g%%ﬁnit%&g\ g{r%gcé\ﬂgl bngpg\?vgﬁ t?%ocﬁ%ﬁ%n%cmﬁ%ri ner
body 110, the thickness of the cushion [ayer 120 is 15 controlled since the
t hi ckness i s dOPisidbbeingtdispesent aueethsenandrelt30 apdihdsteatepdio Fiad12he
interior 1 1 6 of the liner body 1 10 when the exterior 1 1 8 of the liner

body 1 10 is Fgaidushidrit®l et 100 Wekther?Aémoled Mons aMé tifanddP 2 2Qehroiling t O
Figs. 14 and 15, it will also be appreciated that 20 the inside contour of

h ion | 20 (i€, interior 1.1 h hi I} ger 100
o cont Pol | ed 1 cefiEoRbBar 0 e Shetbpaont 0.5 i re R ankdhe

cavity 230. In one enbodi nent, the mandrel 220 is custom zed for a given
application by alteringltWwdl béaperefiatedethairide elpp\Na 200 3f GBVaABIM within
PCT/ US2003/ 008034 220 along its |ongitudinal axis. For exanple, the

e 550 8 P06 RACENAY SthaRy LR A RiRIShl 1 thyr L e
flows around WS This process of applying the cushioning material offers a number of
advantages over conventional methods since it provides a simple yet
10 effective process 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
liner body 1 1’0 can be determined for any point along the mandrel 220
and the liner body 110, the thickness of the cushion layer 120 is
15 controlled since the thickness is defined by the distance between the
mandrel 220 and the interior 116 of the liner body 110 when the exterior
118 of the liner body 110 is against the cavity wall 236 of the cavity
230.
Referring to Figs. 14 and 15, it will also be appreciated that
20 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 cavity 230. In one embodiment, the mandrel 220 is

customized for a given application by altering the shape of the mandrel



mandrel 220, the cushion material will settle within the recessed section 5
of the mandrel 220. Because the di stance between the recessed section and
t he |i nerwbadys/@Bafl3i s greater than the di stance betweenPSEUSON3IBISNG4
portions of the mandrel 220 and the liner body 110, the thickness of the
cushion layer 120 is greater in this secti¥&dn. Thus, a localized area of the
interior 1 1 6 of the liner body 1 10 is fornmed to a greater thickness than
10 surroundi n@2€ealongrits |deigifueiredd laxis.t Fbs ekampld, 2tbé rappdredf2dthcarased
thickness is formed in an area where extra cushion is desired to provide

addi ti onal O G ho L4 okDE. PR &fordSidhy ailké‘f‘er%ﬁ%ggn\gﬁ%ﬁ%gmtaﬁﬁre?% g ve

interface | ocati ons between resi prosthetic
device, etc. For exanple, the front_portion of the cushlo ed liner 015
and di stal endnttoducast Bte dhpHY itXhi? &aﬁéoﬁhﬁ Sedion gratsrip! Qwée%ﬁopéd fnce
these regions (i.e., the shin area and distal stunp area) correspond to
sensitive areagartiref D20! €ivé @ushioni mbterd) willletdenuithinofhecredlssed sateon al

at the distal end 114 is controlled by the distal shape of the mandrel 220

1420 of t he PR My el 20| BEoATH IR gREghd " Bhuc Mo LR ChaL B B;

mandrel and the distal end 114 the greater the thickness of the cushion
layer 120). ‘\and2bediresdety PtO/isigreater to@nsae didanee herweps sasiunding ed
that the mandrel 220 can be contoured in-any nunber of different ways

dependi ng UpO’botrﬁ@néj%ﬁﬁ@(ﬂanPEQOOénd theligershb@n 1hay ahe kRitkoless [of the
cushioned liner 100. For exanple, the
cushion layer 120 is greater in this section. Thus, a localized area of the
interior 116 of the liner body 110 is formed to a greater thickness than
10 surrounding sections. Preferably, this localized area of increased
thickness is formed in an area where extra cushion is desired to brovide
additional comfort to the wearer as is the case in some of the sensitive
interface locations between the residual limb 130 and the prosthetic
device, etc. For example, the front portion of the cushioned liner 100
15 and distal end 114 are regions where additional comfort is desired since
these regions (i.e., the shin area and distal stump area) correspond to
sensitive areas of the residual limb 130. The amount of cushion material
at the distal end 114 is controlled by the distal shape of the mandrel 220
and by the final position of the mandrel 220 relative to the distal end 114
20 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

120).



inward taper of the mandrel 220 can be non-uniformin manner to 5 produce

variations in thickness along the interior 1 16 of the cushioned Iiner
100. Thi swerthasdispaat i s generally shown in Figs. 14 andPC3/Usaoo3nbsosh a
mandrel 220" is illustrated. The mandrel 220" is simlar to the mandrel

220 with the exception that the distal emOportion of the mandrel 220" has
a non-uni form cross-sectional shape. Mdre 10 specifically, one section of

the distal end portion Ragilltbdapprssiaed thapeie n?iitrel 220t 5€ Gonesuredvi ng
a pronounced taper 250, the distance between the mandrel 220 and the liner

body 1 10 is greater than_ i n.other surroundi ng sections and therefare,
2dd]tional | cuBHDNNHG BRI wads M RaNB b ARSERY chaRR oo
and formthe cushion layer 120 in 15 this area. Fig. 15 clearly shows that

t he i ncor por atieopusifion hay g3 b2@ wiidbd cushipmeddiEri 1O Hoe examplel 20 results
in the cushioned liner 100 having one section (e.g., a front shin portion

Lher eof ) t hatiliasaadbet PRk mite] 200nGhrTBE HohdlniPérdy ilftriiprigal so as to

provi de the wearer with ed confort and protection in this sensitive
area. 20 It wll be appreciated, that the ndrel .22 an,_ he nodi.fie in
any nunder ofpmdﬁlpsr\@ﬁ[étwgnﬂg'%eé%@rw T BHEHeT ﬂ%eOftﬁ'lecR‘r‘FgEQn?

| ocal i zed areas of the cushioned |iner 100. For exanple, the distal end

222 of the nualivikrel 0Q20Tiarnhtzacinramt 36 geharally estesge dh Sent. i loh ahd&tb WD
2003/ 080313 PCT/ US2003/ 008034 41 receives additional cushioning material,

thereby al ter%%g%&ﬁ&%f% is Ri¥tidi8d 2 TH hapdiZ 268 Jintidr €6 thbe

cushioned lin

mandrel 220 with the exception that the distal end portion of the
mandrel 220" has a non-uniform cross-sectional shape. More

10 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
permitted to flow and ultimately cool and form the cushion layer 120 in

15 this area. Fig. 15 clearly shows that the incorporation of the pronounced
taper 250 into the mandrel 220 results in the cushioned liner 100 having
one section (e.g., a front shin portion thereof) that has additional
cushioning material provided thereat so as to provide the wearer with
added comfort and protection in this sensitive area.

20 It will be appreciated that the mandrel 220 can be modified
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



If an area of reduced thickness is desired, the mandrel 220 can be

nodi fied to include one or nore protruding features (i.e., a section 5 of
t he out erweundésse31df t he mandrel 220 that protrudes out wardiSgoossbats ve to

t he surroundi ng sections of the mandrel 220). Each protruding feature
reduces the distance between the mandrel 220 and the interior of the |Iliner
body 1 10 and thus causes the cushion layer 120 to have a reduced

t hi ckness i n rekives e@iditional G ushichgy ResteAshertrebiyngltardvd tiye 23Bkdess not
necessarily have to have a uniform shape; but rather, the cavity 230 can

e TR A e P e N A R

100 can be varied in select |ocations. For exanple, the cavity wall of the
cavity 230 15 can i ncl uli@nsancecdgsduceedhickness isadgsitad, tbiermyaneist i289 t o
cause the liner body 110 assune a different shape in this section. Thus,

it will be undgfsé (F\Q@dﬁ‘@attohﬁelu%e&ﬁanér Hd?é?ﬁétrgafr{g tentumsNiEbes sektion
di fferent cushioned I|ners 100 to be produced using a limted anount of

e t t he mandr 220 nter eabl e and one 20 rel 220
i P one prh fHeLouiER SHETHoR & TR TREB S G et Pt Gw o TRRR,

anot her profile. By interchanging the mandrel 220 and mai ntai ning the sane
cavity 230, ttoethehsurkowsdingrsections @drthefmaridrel @2ohi dradhayrertrui2fg deatube
controlled to a high degree of precision. WO 2003/ 080313 PCT/ US2003/ 008034

42 Further, the pLetROGIRLACE BEHWebG e FRAMILF20B%Ad 8l (iEri6PBY ¢RL | Onal

liner body 110 and thus causes the cushion layer 120 to have a reduced
thickness in this region.

10 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
varied in select locations. For example, the cavity wall of the cavity 230

15 can include a recessed section or a protruding section to cause the liner
body 110 assume a different shape in this section.

Thus, it will be understood that the present process permits

a number of different cushioned liners 100 to be produced using a limited
amount of equipment since the mandrel 220 is interchangeable and one

20 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

cushion layer 120 can be controlled to a high degree of precision.



met hods, including the dipping nethod, as it does not require a series of
steps to build-up the cushion layer 120 to the desired thickness nor does
it requi reot2heosvdl@ cushi oned |iner 100 be inverted aft@cTtuseoosossson | ayer
5 120 is forned on the interior of the liner body 110. The present process
of using conpression nolding techniques #@ apply a cushion layer to the
Iiner body is not limted to being nerely used to produce cushioned |iners

(i.e., prostherther] iRy leseHt pré IR lest R MIREEEd tRAPERS TohdBnhienalsed to
produce other articles, 10 including cushion or gel products that do not

fab d h d h h
pads that canBENCORE AL o ap 2o iR Shillo e ol Rops ReldefloESAERIR on

one of the various linmbs of the body, i.e., an el bow pad. The cushi oned
pad product s steps tnblildepathieatushion saper (20 tethe clesond thiakeess nootdeesi des.
15 I n anot her enbodi nent, a cushion article (i. ., a pad) (not shown) is

formed wi thouty %Jﬁ%r’dh‘ét l?ﬁ@ KiuRBidn@Nainer 1130 be |h0§rrte@%%r1tﬂ19)cushfbn %tsy@?r

words, the article is formed entirely of cushlonlng mat er1 al

mol ded to have determ ned, desir The ticle is preferably

f or ned E%lng tﬁg)§b§5F5¥L%“§h%%HeﬂﬁrP?§§e"g&§°dyn'ﬁﬁls embodi ment, the 20
| iner body 110 is not introduced into the apparatus 200 and nore

specifically, the cushi diengresahepialess ofdisipgpsedhpressibe maldity 230 such
that the cushioning material pools at the closed distal end of the cavity

230, The mandsely 33001 3o LRI, LU ERRCEYel 85 S TReF BYY ¥s 73R iANEhdlEd ven VO

2003/ 080313 P

being merely used to produce cushioned liners (i.e., prosthetic liners) but
rather, the present process can be used to produce other articles, -

10 including cushion or gel products that do not contain a fabric component
and also other products, such as cushioning pads that can be
incorporated into socks and other products to be worn on one of the
various limbs of the body, i.e., an elbow pad. The cushioned pad
products can include a fabric layer (liner) on one side or both sides.

15 In another embodiment, a cushion article (i.e., a pad) (not
shown) is formed without a fabric backing layer (i.e., liner body 110). In
other words, the article is formed entirely of cushioning material that is
molded to have a predetermined, desired shape. The article is preferably
formed using the apparatus shown in Figs. 7-15. In this embodiment, the

20 liner body 110 is not introduced into the apparatus 200 and more
specifically, the cushioning material is disposed in the cavity 230 such
that the cushioning material pools at the closed distal end of the cavity

230. The mandrel 220 is then introduced into the cavity 230 and driven



towards the distal end 233 of the cavity 230. As the mandrel 220 is driven
toits fully extended position, it conpresses the pool of cushioning

mat er i al ,woaueyesg3Bhe cushioning material to flow aroun@CrhEs2anitoeso34 surface
of the mandrel 220. As previously-described in detail, the 5 thickness of
the article is controlled by the distance4Between the nmandrel 220 and the
wal | 236 of the cavity 230. Because this distance can be carefully and

preci sel y contowhtdsdthet dietdlinek 88 ofothet dw/igr 280l eAsahe rhakdrel 220bie
precisely controlled. The article is thus forned between the outer surface

of the 10 ma of: Vi Ly, 230, Aft :
cushi oni ng ngﬂ(é%' 5% a@mge‘%ﬁgg% lroglggﬁjﬂf/t ég%‘pg%s,éetshtg%n%%%rogl%aﬁgg
retracted from the cavity 230 with the article still being coupled to
(i.e., surroufftegdl cadsinechexushioniag dneieciabte Slovharoynrd thelogterot her wi se
renmoved fromthe mandrel 220. The article can be forned to have any nunber

of shapes 15 andasé s€sh&Ynaddrkéi RQOL NAs Préfioadl)-§éxrmed inddethRafife One of the
mandrel 220 and the cavity 230. For exanple, article 'can be constructed

to act as a pesilient, cushioni ng nenber th can be fitted around a toe or
fi nger . °Now rtr?'§$'??sr?g°ft Frglle ﬁgg%’c,ro%cbby%e BROCE REREEN e xenpl ary
article 400 that can be fornmed using the conpression nolding process

di scl osed her siandreélni22QiandethieodaielR§ ohnheagpaituta B0 .SBEcduseuthésidistandeor m t he
article 400. The apparatus 500 shares sonme simlarities with the apparatus

200. The appagahys ROrIRCANHBReRsdP! bR d PP BAUKAG S 2RD3HAGO3LR
PCT/ US2003/ 008034

likewise be precisely controlled.
The article is thus formed between the outer surface of the
10 mandrel 220 and the wall 236 of the cavity 230. After the cushioning
material has been sufficiently cooled, the mandrel 220 is retracted from
the cavity 230 with the article still being coupled to (i.e., surrounding)
mandrel 220. The article is then rolled or otherwise removed from the
mandrel 220. The article can be formed to have any number of shapes
15 and sizes by varying the size and shape of at least one of the mandrel
220 and the cavity 230. For example, article'can be constructed to act
as a resilient cushioning member that can be fitted around a toe or
finger.
Now referring to Figs. 16-23, Fig. 16 shows another
20 exemplary article 400 that can be formed using the compression molding
process disclosed herein. In this embodiment, an apparatus 500 is used
to form the article 400. The apparatus 500 shares some similarities with

the apparatus 200. The apparatus 500 includes a mold body 510 having



44 a recessed nold cavity 512 for receiving the cushioning material and
optionally, one or nore fabric layers. The apparatus 500 al so includes a
posi ti onalwbeoosnsdiiel pl ate 520 for di spersing the cushi eairns2enaioesosal
under conpression across the cavity 512 so that the cushioning material 5
spreads across the cavity 512 and is formetdto a predeterm ned thickness.
In this enbodi nent, the nmandrel plate 520 has a recessed portion 522 that

receives the |4 pgedsed MBIt &VigUE Dok neceTRingr ihal chlordihg eestal padti al |y
defines the shape of the article 400. As shown in Fig. g t he mandr el

| fi hi n.the her al
dge of the e Bp¥ ooyt Bk ThRERRA oot i ddRE

cushioning material is forced into the recessed portion 522. After the
cushi oni ng natpasiadndize mardret plate 52@ bl didpensiieg beendushioping easeali s
retracted and the article 400 is renoved fromthe recessed section 522 as

illustrated infded-cobfpredsion chogg thé lcashy a8 €5 s8RAkD ehe BUSARNHY nifibhigl €
530. The article 530 is simlar to the article 400 with the eXception that

the article 530 includes an inte e 534 that extends.the | ength of
the arti®le SRIoRdSaPioaaneABATr AT A and Sioraed Boa pERRIERBINGY | ol 6 530,
the apparatus 500 is sinply nodified by formng a recessed feature 540 in

t he 20 recessethicdeessorin3AB efbbdenent dhelmphditet pk26.520 habisrezeboelk nent ,
the feature is a sem -circular recessed groove to formthe sem -circul ar

ridge shown idbr'c:hﬂ 522£’théﬁhF‘ecfeWé§B%H o G otrg'ﬁg@%rb/ Lc%ﬁio%ﬁ?g hiatbhSNaf@aguct ed

in essentially the sane manner rnbe

least partially defines the shape of the article 400. As shown in Fig. 18,
the mandrel plate 520 fits intimately within the cavity 512 such that a

10 peripheral edge of the mandrel plate 520 seats against the cavity floor
and the cushioning material is forced into the recessed portion 522.

After the cushioning material has sufficiently cooled, the

mandrel plate 520 is retracted and the article 400 is removed from the
recessed section 522 as illustrated in Fig. 19.

15 Fig. 20 illustrates another exemplary article 530. The
article 530 is similar to the article 400 with the exception that the article
530 includes an integral ridge 534 that extends the length of the article
530. As illustrated in Figs. 21-23, to form the article 530, the apparatus
500 is simply modified by forming a recessed feature 540 in the

20 recessed section 522 of the mandrel plate 520. In this embodiment, the
feature is a semi-circular recessed groove to form the semi-circular ridge
shown in Fig. 20. The formation of the article 530 is then conducted in

essentially the same manner as described above.



WO 2003/ 080313 PCT/ US2003/ 008034 45 Fig. 22 shows another feature of the
apparatus 500 in that the mandrel plate 520 includes one or nore ports 550
t hat act W 2paw88313f or rel easi ng excess cushi oni ng mat ePCalusasnd/ohges4
releasing. air, etc. from the nold cavity. Because the cushioning materi al
preferably has a gel 5 |like consistency, dfy excess cushioning material is
forced through the ports 550 when conpressive forces are applied to the

cushioning naterial by Fie2pandingd aRbed fodfire Di&hBAPpardRR O an fthact i on
to evacuate air and this decreases the chance that the fornmed cushi oned

mat ori ol can 05 auebHRts 570, Miclidesn OBF of Bicreite Seh i THE0e des

of the plate or the top of the mandrel plate 520. Fig. 23 shows the
renmoval of thdoaraleasieg m@esﬁcgshmlr@mﬁseaaioantbforeﬁéeqﬂnm piraet¢.cirems00
that can be formed using the conpression nolding process disclosed herein.

In this 15 eﬁﬂ@%%rﬁaw%eB@Eéué@ EhePLQsHiSnBgNBERe Al erférQSlyfl%s”hgel-a pad

of cushioning nmateri al e pad 600 can assufe any nunb shapes and
can al sqo be provided, in any nlurrber of djpensions. .In ofn %qg‘oodl , t he
pad 6009 s di JBESOMSHHCRACHRPIYRGSES CHSD IR Mittetl ig 108 é‘l@“g cf'® t hat
the pad 600 extends fromthe heel portion 612 to the toe portion 20 614.
The sock 610 qantshB58 whandantbretbivetfoecesoale appl@aytootieecushipringf  sock
(e.g., a diabetic sock). Optionally, a fabric protective sheet 620 is

securely attagRed £ppl MReRRINGW oA 588 Y 45eA5ortd S 8¢ QHBFLABHbAGH' NI

evacuate air and this decreases the chance that the formed cushioned
article will have air bubbles, other imperfections, etc. The excess

10 material can be directed to any number of locations, including the sides
of the plate or the top of the mandrel plate 520. Fig. 23 shows the
removal of the article 530.

Fig. 24 shows another exemplary article 600 that can be

formed using the compression molding process disclosed herein. In this

15 embodiment, the article 600 is generally in the form of a pad of
cushioning material. The pad 600 can assume any number of shapes and
can also be provided in any number of dimensions. In one embodiment,
the pad 600 is disposed on a bottommost foot portion of a sock 610 such
that the pad 600 extends from the heel portion 612 to the toe portion

20 614. The sock 610 can be a standard athletic sock or any other type of
sock (e.g., a diabetic sock). Optionally, a fabric protective sheet 620 is
securely attached to the pad 600 and serves as the ground contacting

surface when the sock 610 is worn.



surface when the sock 610 is worn. WD 2003/ 080313 PCT/ US2003/ 008034 46 The
sock 610 is fornmed using a conpression nolding process that is simlar to
t he procewe 2dexsn3tBed herei nbefore. Fig. 25 illustrategcarnusagparasus 700
for maki ng the pad 600 using conpression nolding techniques. The apparatus
700 includes a nold body 710 5 having a rd@éessed section (e.g., cavity) 712
for receiving the cushioning material and a backing article in sone

enbodi nent -and a posi ti qnrbisck BROAE §briabatRing8 dovhipidsSRAY Follinghe
cushioning material under conpression across the recessed section 712 so

that the cushionin mat.erial spreads out acros he r.ecessed sectjpon 712
and has a 10 pf® emtﬁﬁﬁ'mﬁ?rc%nﬁ?spr%eé.s cgﬁ% eé‘?‘lﬂgﬁﬁ?’ef J:{{JU?EQ of the
apparatus 700 in that the nold body 710 includes one or nore ports 722 for

rel easi ng excdéstratas hincappegatmst é00dbr NTaeng dhe pad20@lusing aootaression
evacuate air and this decreases the chance that the forned cushi oned

article will ngr@ fe&#mi(ﬁei‘g%b.l Re @?Q%tu%%fﬁc%&éﬁ"@m@kfzbocﬁ@ 7l

illustrated enmbodi nment, t ports 722 are orientated at one end of the
recessed section, 712; however, it wll be rstood that the ports 722
can be & rangd@Ving amgeesagrRactign feo%-atqaéfﬁﬁ\%ﬁﬁhf% reREIVing 48 sSienintn
712. The nold body 710 preferably includes side sections 714, 20 716 that
ext end | at er alnhatetisband hebdxsidiyg potitledn soomd anboaimehe andcepssitionablet | on

712. The side sections 714, 716 can further include apertures
mandrel plate 720 for dispersing the cushioning material under
compression across the recessed section 712 so that the cushioning
material spreads out across the recessed section 712 and has a

10 predetermined thickness.

Fig. 25 shows another feature of the apparatus 700 in that
the mold body 710 includes one or more ports 722 for releasing excess
cushioning material. The ports 722 also function to evacuate air and this
decreases the chance that the formed cushioned article will have air

15 bubbles, other imperfections, etc. In the illustrated embodiment, the
ports 722 are orientated at one end of the recessed section 712;
however, it will be understood that the ports 722 can be arranged in any
number of locations within the recessed section 712.

The mold body 710 preferably includes side sections 714,

20 716 that extend laterally from the body portion containing the recessed
section 712. The side sections 714, 716 can further include apertures

718 or the like which receive complementary locating features 719

formed on the mandrel plate 720 so as to assist in locating and retaining



718 or the |ike which receive conplenmentary locating features 719 forned
on the mandrel plate 720 so as to assist in |locating and retaining WO

2003/ 0803wB 2PGT8WB2003/ 008034 47 the mandrel plate 720 pagaisaews/ovsea4 nol d
body 710. The mandrel plate 720 is an elongated menber that includes a

bl ock portion 730 that is <configured to Be/ received within the recessed
section 712. Thus, the block portion 730 is formed on the mandrel plate
720 at a | ocatthermsudtel Blatkal2Wagairishehemnsidedody @10, 7PRe insarkdreFpiits el ati ve
to the nold body 710, the block portion 730 is received within the

recessed sect i fl2n offfyatBhoRkmPRF thADRERRGNP BRI €035, FaGqpR] grentary

shape and conplenentary nensions relative bh 712 to
pernmt mating between the two. The nmandrel plate 720 also preferably 10

i ncl udes the ISEAEHARS Feeuicesivedgy(tbingthe reseasedhgepting Trbt Mdisnghe
downwardly fromthe mandrel plate 720) that are received in the apertures

718 when the ok pbrtidra7807idFormed It theMidhdr&1eplERY 92008 a TdGitioSuch
apparatus 700 also includes nmeans for nmating the 15 mandrel plate 720 with

t he mol & bod en C ressive ces More specifically, a nunber
of convg)nti o%gﬁarprr\é\g{n% t{:haen edﬁ é)&atfeo?Q a{f)ﬁfciﬁeﬁ‘gregatb‘}coﬁ% g%%f‘?ﬁslgf%d%” 't he
mandrel plate 720 when it is properly aligned and mated w jt_h the nol d body
710. The appl itbabiesk perticonpPes spoelveduitkint thet feeessehieciion 7riet.eThal

di sposed within the 20 recessed section 712 causes the cushioning materi al

to be uniformgock portion 730 therefore has a complementary shape and

complementary dimensions relative to the recessed section 712 to
permit mating between the two. The mandrel plate 720 also preferably

10 includes the locating features 719 (e.g., locating pins protruding
downwardly from the mandrel plate 720) that are received in the
apertures 718 when the mandrel plate 720 is mated with the mold body
710.

The apparatus 700 also includes means for mating the

15 mandrel plate 720 with the mold body 710 under compressive forces.
More specifically, any number of conventional means can be used for
applying a compressive force to the mandrel plate 720 when it is
properly aligned and mated with the mold body 710. The application of
compressive forces to the cushioning material disposed within the

20 recessed section 712 causes the cushioning material to be uniformly
dispersed throughout the recessed section 712. In one embodiment, the
means for applying compressive forces can be a pneumatic device that

extends and retracts the mandrel plate 720 relative to the mold body



di spersed throughout the recessed section 712. In one enbodi nent, the

means for applying conpressive forces can be a pneunatic device that

ext ends awo weXasexiBs the nandrel plate 720 rel ative to trha/useéod/obkedy WO
2003/ 080313 PCT/ US2003/ 008034 48 710, simlar to the enbodi nent of Figs.
7-15. I n another enbodinent, the neans c&8 consist of a manually driven
press device where an operator engages the mandrel plate 720 and applies a

force agai nst 71 sifRAESth8lediSodiRRnt &f FagS 7 AGTPIE 8L HEra b SdisRaf s ement
of the 5 cushioning material within the recessed section 712. The recessed

section 712 cgﬂebe formed to h v«_ar a nunbﬁr of different shapes and al so,
as i 11 Ust r at edne {REAT%ERL SORSEE AT i HMenai: SHVeR Rrest BeRIoeVBREREN 713 t hat

define the periphery of the recessed section 712. The bevel ed edges 713
cause the nol dperamocodngages thaveandrel pieve 789 adgesplidhe foroeagainst ther mi ng
an article, such as pad 600, using the apparatus 700 is as follows (wth

reference to ﬁm&?dre??ta%ghgd_?@ca[@é“ébﬁﬁar@éﬁ&ﬁ,a?ml%lodi.bﬁelis%mérﬂl dpRepar at ed

fromthe nold body 710 and the cushi material 1s 1 njected or otherw se
di sposed within the recessed 15 section 712 as shown in Fig. 26. Wen it is
desired > or tﬁé‘sbﬁ’(ﬂ‘”&)@qt@”ab\é"m e recesssrisestioan’ bti cl e, such as sock

610, the article can be disposed can be disposed either in the cavity 712
to fornmed the pad 600 dhd mzesbed Bectsi i7dlEcan behferaedi @l kawan fenbérsposed

around the block portion 530 to formthe pad 600 underneath the pad 600,
or articles C different shapes and also, as illustrated, the recessed section 712 can
have beveled edges 713 that define the periphery of the recessed
section 712. The beveled edges 713 cause the molded product to have
10 beveled edges.

The process of forming an article, such as pad 600, using
the apparatus 700 is as follows (with reference to Figs. 25;28). The
mandrel plate 720 is initially separated from the mold body 710 and the
cushion material is injected or otherwise disposed within the recessed

15 section 712 as shown in Fig. 26. When it is desired for the pad 600 to
be formed as part of an article, such as sock 610, the article can be
disposed can be disposed either in the cavity 712 to formed the' pad 600
on top of the article or the article can be disposed around the block

portion 530 to form the pad 600 underneath the pad 600, or articles can

20 be disposed at both locations to form the pad 600 between two articles.

A robotic injector or the like can be used to inject a

predetermined amount of cushioning material (in a liquid or molten state)



20 be di sposed at both locations to formthe pad 600 between two articles.
A robotic injector or the |like can be used to inject a predeterm ned
amount ofwousets/sniiag material (in a liquid or nolten st&CE)USYOD3ID0834 080313
PCT/ US2003/ 008034 49 into the recessed section. Preferably, the anount
injected is slightly nore than amount nedded to formthe article (in other
words an overflow anount of cushioning material is injected). After the

cushi oni ng matefd e retassd& 8Bclidvh . FrefbrablPe thdBfHRINnthRiceed #slighthhen
positioned such that the 5 block portion 730 is aligned with and received

ithin th it 712, ' . l,ied t h
hendr 6l pl at 6 7135 BRGSRBUNE AEAT SR TRBP LN USG €d oLb AETUSAR REIa
conpressive force against the cushioning material that is disposed within

the recessed sewourdnof7d@shioningi mbterial a8 sdedtedFi dhft@7theTtashiboiok metariabn 730
thus effectively disperses 10 the cushioning material across the recessed

cavity 712 as Ha@eoé%r"lﬂf&lted,p*r% faféPell Ha¥ 796Ms tRed folsRRGEIPOFH HRdt then the

cl osed position, the Tmandrel plate 720 and the nold body 710 fully mate
wi th one another and.th i.stance between the block portion 730 and.the
sur f ace%of t hé °‘%‘%B%§t§l§b$§gc'§ia%”‘?§2"’ Ak eFﬁB’eE’hYVéﬁbﬁ?eé'ée secasged iy ct

that is fornmed 15 within the recessed section 712. Likely, as the mandrel

plate 720 is 7rd.v@vmpresbive forosedrepasplisdory treomandirelt plate W20 causing
material (i.e., the excess amount) is driven through the ports 722 (which

can 02,1 L G BENGRSBN SotE R LG ot i
the cushioning material that is disposed within the recessed section 712,
as illustrated in Fig. 27. The block portion 730 thus effectively disperses

10 the cushioning ma}terial across the recessed cavity 712 as the mandrel
plate 720 is driven to a closed position. In the closed position, the
mandrel plate 720 and the mold body 710 fully mate with one another
and the distance between the block portion 730 and the surface of the
recessed section 712 define the thickness of the product that is formed

15 within the recessed section 712. Likely, as the mandrel plate 720 is
driven to this closed position, some of the cushioning material (i.e., the
excess amount) is driven through the ports 722 (which can be in the
mold body 710 and/or the mandrel plate 720).

The cushioning material is then allowed to sufficiently cool

20 ~ before the mandrel plate 720 is retracted from the closed position and
access is provided to the recessed section 712. Once the mandrel plate

712 is separated from the mold body 710, the article (e.g., pad 600) is

removed.



20 before the mandrel plate 720 is retracted fromthe cl osed position and
access is provided to the recessed section 712. Once the mandrel plate 712
i s separ awecosymniiBhe nol d body 710, the article (e.g., PoadSea@d)oosos4
removed. WD 2003/ 080313 PCT/ US2003/ 008034 50 The apparatus 700 includes a
nunber of the features that are containeddn the apparatus 200. Mre
specifically, both apparatuses are configured to offer inproved control

over the degree of preciTiappatatli®700NBcRIdead hGhbeplofandeshtgdstthhekness.
Further, both apparatuses 5 permt the contour/profile of the forned

The dosi red ety Serindy 1E45E RN i RRDe' SRR bolp Brai 55 °"

include. It will be appreciated that one or nore characteristics of at
| east one of taie condigkrgsbie obier M3@revat cortrokbcesrstre degreecf registemirbe 10
altered, thereby causing the forned article to have an altered profile. For

exanpl e, whil gofrhiy hh APdble BMHESTHAY tNGKNBINOASREPAISEH SSharkidees pads

havi ng pl anar surface, the present apparatus and process permt the top

and/ or ttomsurface of the article to have an non-uni form appearance. In
one enbddi rrentp,e”inhteﬁlﬂ %%'P(tob'yrptr?ﬁ'lﬁ osheqiosedogrtic f%gﬁ regdily GEPP m shape

but rather contains one or nore non-uni formfeatures, such as a protruding
section or a depesding) spon itlhe prétfise applicatiateand @te tdesfred oHdnecteristicon | ayer
on a surface of an article, such as the sock 610, the above descri bed
process is slighf{¥e operator wishes the article to include.
It will be appreciated that one or more characteristics of at
least one Qf the block portion 730 and the recessed section 712 can be
10 altered, thereby causing the formed article to have an altered profile.
For example, while traditional manufacturing methods produce gel-like
pads having planar surface, the present apparatus and process permit
the top and/or bottom surface of the article to have an non-uniform
appearance. In one embodiment, the block portion 730 does not contain
15 a uniform shape but rather contains one or more non-uniform features,
such as a protruding section or a recessed section.
When it is desired to form the cushion layer on a surface of
an article, such as the sock 610, the above described process is slightly
modified in that the sock 610 is preferably placed around the block
20 portion 730 and the cushioning material is injected into the cavity 712
and then the mandrel plate 720 is compressed causing the cushioning

material to be dispersed across the sock 610 as shown in Fig. 27. Upon

cooling and disengagement of the mandrel plate 720, the cushioned pad



nodi fied in that the sock 610 is preferably placed around the bl ock 20
portion 730 and the cushioning material is injected into the cavity 712
and t hen wbeoessdsial plate 720 i s conpressed causi ng thecCTushiosnbsogs
material to be dispersed across the sock 610 as shown in Fig. 27. Upon
cool ing and di sengagenent of the nandrel Pplate 720, the cushi oned pad WO
2003/ 080313 PCT/ US2003/ 008034 51 600 is forned on the sock 610. If it is

desired that 606 isdshhesamnh trcsockabll Ocl ¢ icierdewiredt that fthbrdushjoredesddky e
sheet 620, the fabric protective sheet 620 is disposed in the cavity 712

and the sock 610,1 j he mandr el
plate 720 is ?%Pll?/égﬁqe gﬁ%i%b gﬁ&%ﬁgpgfﬁ 8%#3@? b%?glbg%%f%@bgovtﬁpresses
t he cushion nmateri al be'_tvveen t he sock 610 and the sheet 620 as shown in
Fig. 28. Theshersv@2@indisposed indbe icanity el 2 andahafasked’ Pris disanssdt i on
with a sock but rather applies to any application where one or nore fabric

el ements are jQumadhy Elbck%rﬁaﬁmﬁ arld th¥ Hanlaleelgcnafeevlo_@tieerutl at the 10
fabric elenent can initially be rel easably adhered to the bl ock portion

730 so as to ensure the p S|t|01n the fabric, el enent wthin
t he recgssed exendse speh hlaﬁetlb%% %Pﬂr‘g}or‘gﬁéﬁq@messpﬁ ?rcé'tsnﬁﬁ)r\ n Fig. 29,
an interchangeabl e cast nenber 800 is disposed wthin the recessed 15

section 712. MeedaldietmednetheB9ick 6 Ouatebthe pheetph20als supundoFiy.na8.
preferably is conplenentary to the peripheral edge of the recessed section

712 so that WpRB JHaGeGeEe S8Rt RARH SO BEIRE REd iRt hbRation with a
sock but rather applies to any application where one or more fabric
elements are formed with the pad 600. It will be appreciated that the

10 fabric element can initially be releasably adhered to the block portion
730 so as to ensure the proper positioning of the fabric element within
the recessed section 712.

In yet another embodiment illustrated in Fig. 29, an

interchangeable cast member 800 is disposed within the recessed

15 section 712. The cast member 800 includes a peripheral edge 802 that
preferably is complementary to the peripheral edge of the recessed
section 712 so that when the cast member 800 is inserted into the
recessed section 712, the peripheral edge 702 is seated against the
peripheral edge of the recessed section 712 such that the cast member

20 600 is securely retained within the recessed section 712 and does not
move unnecessarily. The cast member 800 has a shaped opening 810
formed therethrough for receiving the cushioning material. It will be

understood that the shaped opening 810 defines the shape of the



recessed section 712, the peripheral edge 702 is seated against the

peri pheral edge of the recessed section 712 such that the cast nenber 20
600 i s sewonredyospaBai ned within the recessed section 712canb2ad3e88000t nove
unnecessarily. The cast menber 800 has a shaped opening 810 forned

t heret hrough for receiving the cushionin®2raterial. It will be understood
that the shaped opening 810 defines the shape of the WD 2003/ 080313

PCT/ US2003/ 0Q8@Rbne2artierdiipatad farrhielae 4 hedult 6f Hzpoethgaeheéicustsiohingof
di sposing the cushioning nmaterial within the shaped opening 810. It w ]l

further be understood  .that the RQlock.pogtion,.7 i gured
in a conpl enéﬁ?%?ﬂ??"WHHHBﬁe %@Reaho&erqrﬁgeég c')cl} \’g@r@ﬁ]er%apggrrsg%%i ved

w thin the shaped 5 opening and causes the cushioning material to be

di sper sed t hrtbatybarblodkheordioapé30 apesii algo deocomdigurgdrinicapaplesentryt he
cast nmenber 800 is described with reference to Figs. 30-32. Fig. 30

illustrates apaRhdd &héh BAR- thATBIbEk PoP@eh 7130 RIetenall withit eRslishpad textil e
material (i.e., fabric, etc.) and includes a 10 first portion 910 that is

free of _cushioning material apnd a second rt.ion . 920 which_include

cushi ol ng eERRENINY apd GaLges ﬁﬂ? ﬁ’é’sgﬁ’ﬁ'ﬁ%g H?a(%ﬁr'ﬁlaﬁ? B3 'SWS?%éhﬁqlﬁgg’Puihe
article 900 is forned by first placing the article 900 in the recessed
section 712 ahetdhmpenl apanioky 81100. The article 900 is spread out so that it
remai ns flush against the bottom surface of the 15 recessed section 712.

ggfi Sﬁi aregggg o 'Sza%&@g;ﬂl?ﬁ@y B 0Pt B8t nféiBSB8d0SE WeseAbaa iRt the

reference to Figs. 30-32. Fig. 30 illustrates an article 900. Article 900
is preferably formed of a textile material (i.e., fabric, etc.) and includes a

10 first portion 910 that is free of cushioning material and a second portion
920 which includes cushioning material formed in the shape of a pad 930
or the like. The article 900 is formed by first placing the article 900 in
the recessed section 712 of the mold body 710. The article 900 is
spread out so that it remains flush against the bottom surface of the

15 recessed section 712. The cast member 800 is then inserted into the
recessed section so that the peripheral edge 802 seats against the
peripheral edge of the recessed section 712. The shaped opening 810 is
thus positioned over only a section of the article 900 and the surrounding
sections of the article 900 that lie underneath the cast member 800 are

20 not exposed to the cushioning material.

The cushioning material is injected into the shaped opening

810 and the mandrel plate 720 is then closed, whereby the block portion

730 is received within the shaped opening 810 and compresses the



peri pheral edge of the recessed section 712. The shaped opening 810 is

t hus positioned over only a section of the article 900 and the surroundi ng
secti ons wbD 206820863181 cl e 900 that |ie underneath the castCrarskes/ 08804 are 20
not exposed to the cushioning material. The cushioning material is injected
into the shaped opening 810 and the mand®@l plate 720 is then closed,

wher eby the block portion 730 is received within the shaped openi ng 810
and conpr essesushHienM@ rRa0ai)3Baferily] U520H3Ih0o8p8dts B32 dsidhi oni ng
material. Preferably, one or nore ports 722 is in comrmunication with the

Do o DeadebliliBafG Tty B SRAEEF Bpefifiths PO' BhHIMIPELG @RS Or &1 1 1O

be di scharged from the shaped opening rmed in the
body 710 and the cast nenber 800 5 are axially al ifgned. The ports 722 can
al so be for me@usiioning mptrNkel apgrier ¥hta be. disehergsd fre Hie sharedopreniag
di sposed across the bottomof the shaped opening 810, the pad 930 is

fornmed on topged. tTigus qssresl 72001drifed B2Hhedbod\nF 18 &nd kite 286t mnhigsr 800! i ng,
the mandrel plate 720 is retracted and the cast nmenber 800 can be renoved,

ot her  SRbodi ni &xapy gt o J9¥REL 52 R A0, oR IR IFEREBRAS 01 Dot tom

surface. The bl ock portion 730 can have a non-uniformshape, e.g., it can
contai n a recpsgish €80t i Becausephedartielea9@ds idispasied arrpeadbe begtn o
thickness or it can contain a protruding feature to reduce the thickness in

ég a locali zegheRap @ op&RIndd 16/ the JAE IBY isPlapiald &496p OF thBdedbhicl e can

portion 920 of the article 900. After cooling, the mandrel plate 720 is
retracted and the cast member 800 can be removed, leaving the article

10 900 having the pad 930 formed thereon. As with the other
embodiments, the pad 930 does not have to have a planar top or bottom
surface. The block portion 730 can have a non-uniform shape, e.g., it
can contain a recessed section to produce a section of increased cushion
thickness or it can contain a protruding feature to reduce the thickness in

15 a localized area of the article. The peripheral edge of the article can be
shaped by contouring the shape of the peripheral edge of the cast
member 800 that defines the shaped opening 810.

As with the other embodiment, the recessed section 712

and the cast member 800 can be used to produce a cushion pad that is

20 not a part of or coupled to another article (e.g., a fabric). The cushion

pad can be distributed for later attachment to an article or the cushion

pad can be used by itself {i.e., around a toe or finger).



shaped by contouring the shape of the peripheral edge of the cast nenber
800 that defines the shaped opening 810. As with the other enbodi nent, the
recessed woanimsoxi2 and the cast nenber 800 can be usedTius2g3m0806€ a
cushion pad that is 20 not a part of or coupled to another article (e.qg.,
a fabric). The cushion pad can be distribub4d for |ater attachnent to an
article or the cushion pad can be used by itself (i.e., around a toe or

finger). WD 2003/ 080313 RET4 W52@a34 G0IBH3M of%e%inb&dhh@rﬂ%a&ﬁe‘é?bbra’:thb of
t he enbodi nents, the apparatus 700, with or without the use of the cast

maroved pr eci 09n V1 L RERIRE et e GRENHESR Rl BErERORSs0 and

the recessed 5 section 712 can be readily determ ned and controll ed.
Further by i nthielneasgeintdhe ¢eshiompoddet ke controfediwitle smpfovéreptdaigiRnporti on
730 and/or the recessed section 712 can be varied, thereby changing the

profile of thesihesRRE distaRbebetivicehtBe BIbchpbhidle 7R0PARS 1AL $6cddaat t he
di scl osed conpression 10 nol di ng apparatuses can be used to produce a

e o A, 1B A i PR R
present disclosure. The present application thus discloses cushioned
sl eeve nenber sintérahangihgatitcacmopshynis; eéhe pnstilesaifetthesttlothatortitie 730 er f ace
between the 15 residual linb and the prosthetic device is inproved by
el imnating thg,q/or the recessed section 712 can be varied, thereby changing the
profile of the formed cushion article.
It will be appreciated that the disclosed compression
10 molding apparatuses can be used to produce a number of different types
of articles and those articles disclosed herein are merely exemplary in
nature and not limiting of the scope of the present disclosure. The
present application thus discloses cushioned sleeve members that
advantageously are constructed so that the interface between the
15 residual limb and the prosthetic device is improved by eliminating the
distal seam that extends across the sensitive distal end of the residual
limb. Further, the present application provides methods that permit the
thickness of the cushion layer to be controlled with enhanced precision ‘
and also permits the profile (contour) of the cushion layer to be readily
20 changed.
While the invention has been particularly shown and

described with reference to preferred embodiments thereof, it will be

understood by those skilled in the art that various changes in form and



di stal seam that extends across the sensitive distal end of the residual
limb. Further, the present application provides nethods that permt the

t hi cknesswof20edmsoziashi on | ayer to be controll ed with enramasdoosroessi on
and also permits the profile (contour) of the cushion |ayer to be readily
20 changed. Wile the invention has been @& ticularly showmn and described
with reference to preferred enbodi nents thereof, it will be understood by
those skill ed ddtafldendf be hdde dreRUG €O ARPatiind Sfoh aRE sPRit2ARBEESHS 13
PCT/ US2003/ 008034 55 details may be nade therein w thout departing from
the spirit anqN%%%pe QP t he i nvention. WO 2003/080313 PCT/ US2003/ 008034
56 WHAT IS cL¥ YED"VEMN: A process for formng a cushion |ayer of a
presel ected thickness on an inside of prosthetic |liner body, the process
conprising the steps of: providing an apparatus including a nold having a
cavity forned therein and a mandrel that is positionable between a
retracted position and an extended position, wherein in the extended
position, at |east a portion of the mandrel is received within the cavity;
di sposing the prosthetic |iner body into the nold cavity; disposing a
gquantity of cushioning material into the inside of



the prosthetic liner such that the cushioning material pools at a distal
end of the prosthetic liner, the quantity being a sufficient quantity to
form t he wousts/msnmiBayer of the presel ected thickness; diPceatszerg/ovdea4 mandr el
into the inside of the prosthetic liner wuntil the mandrel is positioned in
t he extended position, the driving acti onb6of the mandrel causing the
cushioning material to be dispersed between the nmandrel and the prosthetic
liner, thereby form ng the cushioning |ayer of the presel ected thickness;
cooling the cushioning material to forma cushioned prosthetic liner; and
WO 2003/08031§;ﬁ§31%55g8ﬁﬁg§8@§4 57 withdrawi ng the mandrel fromthe nold
cavity such t prosthetic liner can be renoved therefrom
2. The process of claim1l, wherein at |east a distal end of the nold
cavity is in communication with a vacuum source such that a vacuumis
selectively applied to the nold cavity to assist in positioning of the
prosthetic liner bady. A prRRsPHEERSiAl LLasHTbA laydtesiea Prédutedredi ti onabl e
mandrel is part of a programmbl e pneunatic device which drives the
mandrel between the retracted sition.apd the extended position. 4.
process of cl HAFKACS AR A, |Hs;[dﬁe<§)fﬁ%rr?&me?uq En%rn W t%rgcegﬁpagqpar}s‘éng
supported at one end with a base, the base being connected to two or nore
pi stons of pnéwrateps afyl i nders for pneumatically driving the

The

providing an apparatus including a mold having a cavity
formed therein and a mandrel that is positionable between a retracted
position and an extended position, wherein in the extended position, at
least a portion of the mandrel is received within the cavity;

disposing the prosthetic liner body into the mold cavity;

disposing a quantity of cushioning material into the inside of
the prosthetic liner such that the cushioning material pools at a distal end
of the prosthetic liner, the quantity being a sufficient quantity to form the
cushion layer of the preselected thickness;

directing the mandrel into the inside of the prosthetic liner
until the mandrel is positioned in the extended position, the driving action
of the mandrel causing the cushioning material to be dispersed between
the mandrel and the prosthetic liner, thereby forming the cushioning layer
of the preselected thickness;

cooling the cushioning material to form a cushioned

prosthetic liner; and



mandrel between the retracted position and the extended position. 5. The
process of claim1, wherein in the retracted position, the mandrel is
spaced a woede¥mnimned di stance fromthe prosthetic |in@cT/usee/0080be
predet ermi ned di stance corresponding to the preselected thickness of the
cushi oned prosthetic liner. WO 2003/ 0803138/ PCT/ US2003/ 008034 58 6. The
process of claim1l, wherein the mandrel conprises an elongated structure
having a first support edigdearit the oppaseinfgomotheded|d dasitalsuehdha? thahe
process of claim®6, wherein the mandrel tapers inwardly along a | ength

t hereof from %Qﬁ?ﬂ%%fhmeSﬁge{iﬁghgfcm%%d'%%wé&mefeﬁe 8. The process of

claim1, furt ep of: contouring the cushion |ayer by
altering a surface of the nandrel. 9. The process of claim1l, wherein the
mandrel has a non- uniformshape. 10. The process of claim1, further
including the step of: formng a recessed section along the length of the

mandrel, the recegsed $RErFedRdSERINMt hewherdmtdtMasifa dissaicéndof ofie
i ncreased thickness along the Iength of the cushion |ayer of the cushioned

r het i i . . i i i
gf ?St etic li rrr]16c>rld c%\}ity]—sh?n B(r)r%crr?gr%cgzloﬁlv@ftrmal\’/agt}m%r?s%hré@gbb'ﬁ“tﬂgt Lhe step
vacuum is selectively applied to the mold cavity to assist in positioning of

the prosthetic liner body.

3. The process of claim 1, wherein the positionable mandrel is
part of a programmable pneumatic device which drives the mandrel

between the retracted position and the extended position.

4, The process of claim 3, wherein the mandrel is an elongated
structure supported at one end with a base, the base being connected to
two or more pistons of pneumatic cylinders for pneumatically driving the

mandrel between the retracted position and the extended position.

5. The process of claim 1, wherein in the retracted position,
the mandrel is spaced a predetermined distance from the prosthetic liner
body, the predetermined distance corresponding to the preselected

thickness of the cushioned prosthetic liner.



WO 2003/ 080313 PCT/ US2003/ 008034 59 formng a protrudi ng section along the
| ength of the mandrel, the protruding section causing the formation of a
section ovodeeymsexad thickness along the | ength of thePcudais2anobsger of

t he cushioned prosthetic liner. 12. The process of claim1, wherein the
mandrel has an uneven taper along its | eBgth in that a section of the
distal end has an increased taper relative to surrounding sections of the

distal end. 13. The.progassprotesd af Blaln NM@HRIréintdhe MaAdielconfiisedem a
spring-based el enent at or proximate to the first end, the spring-biased

I bei i_Ngs; d el di h drel ar [
bi ased agai nePCYREH BUCRBRG M Hee Hoby JERoHet s ERi A0 Hn e Kt

bet ween the mandrel and the prosthetic |iner body, thereby preventing
cushi oni ng matetalaénd.r om bei ng di scharged fromthe cavity. 14. The process
of claim1, wherein the cushioning material is a gel conposition. 15. The
process of claim 14, wherein the gel conposition conprises a block
copolymer and mineral oil. 16. The process of claim 15, wherein the bl ock

WO 2003/ 080313 PCT/US2003/ 008034 60 copal yner is_a pol ystyrene-pol y(ethyl
ene- et hyl ene/ pr opylene) - U PERGRSE RS C'?@Eéaﬁ’nﬁﬁqe&ﬁh%gbﬁ%ﬁﬁé@pers
inwardly along a length thereof from the first end to the rounded distal

end.

8. The process of claim 1, further including the step of:
contouring the cushion layer by altering a surface of the

mandrel.

9. The process of claim 1, wherein the mandrel has a non-

uniform shape.

10. The process of claim 1, further including the step of:
forming a recessed section along the length of the mandrel,
the recessed section causing the formation of a section of increased
thickness along the length of the cushion layer of the cushioned

prosthetic liner.

11. The process of claim 1, further including the step of:



17. The process of claim1l, wherein the mandrel has a substantially

coni cal cross-sectional shape. 18. A process for formng an article forned
of a cushwormesypsosmt eri al and havi ng a presel ect ed thi cleaFds20030e8094 ocess
conprising the steps of: providing an apparatus including a nold having a
cavity fornmed therein and a mandrel that 5i9s positionable between a
retracted position and an extended position, wherein in the extended
position, at |east a pepirhpiy Qbréttadim@relicion éoﬁ?“%ﬁb}l@ﬁgt\ﬂ NiHe hlddeayi ty;
di sposing a quantity of cushioning material into the inside of the
prosthetic liner such,that the cushiog%gﬁ?naterial pool s at di stal, end

of cavity, thdGRERTHEMORAGIPrLCAITRG EhEAPTHRAR Of 7 T2FHR0Y AT ARETSSPTC 6 of
the preselected thickness; directing the mandrel into the inside of the
cavity until thieknesndloplg ihe leagth obiee cushiohdagat ehtiexl cpsisionedn, t he
driving action of the mandrel causing the cushioning material to be
di spersed bet weennthe |ingrndrel and the prosthetic liner, thereby form ng
the article o presel ected thickness; cooling the cushioning material to
formthe article; and WD 2003/ 080313 PCT/ US2003/ 008034 61 wi thdraw ng the
mandrel fromthe nold cavity such that the article can be renoved
therefrom 19. The process of claim 18, wherein the positionable

12. The process of claim 1, wherein the mandrel has an uneven

taper along its length in that a section of the distal end has an increased

taper relative to surrounding sections of the distal end.

13. The process of claim 1, wherein the mandrel includes a
spring-based element at or proximate to the first end, the spring-biased
element being a ring-shaped element surrounding the mandrel and being
biased against the prosthetic liner body so as to enclose the space
between the rhandrel and the prosthetic liner body, thereby preventing

cushioning material from being discharged from the cavity.

14. The process of claim 1, wherein the cushioning material is

a gel composition.

15. The process of claim 14, wherein the gel composition

comprises a block copolymer and mineral oil.

16. The process of claim 15, wherein the block



mandrel is part of a programrabl e pneumati c device which drives the

mandrel between the retracted position and the extended position. 20. The
process oWoched/ospd, wherein the nmandrel is an el ongat @dTAIS231008084
supported at one end with a base, the base being connected to two or nore
pi stons of pneumatic cylinders for pneun®®ically driving the mandrel
between the retracted position and the extended position. 21. The process
of claim 18, géssigmeriid atpelyssiénsboly (ethyddrid-ethyléredpropydend)-palyspaers a
predeterm ned distance froman inner wall of the cavity, the predeterm ned
di stance corr [ h esel ected thickness of the article. 22.
The process o&ﬁgﬁgﬁéggg%%ﬁhgﬁg?%{the mandrel conprises an el ongated
structure having a first supported end and an opposi ng rounded distal end.
WD 2003/ 080313 PCT/ US2003/ 008034 62 23. The process of claim 22, wherein
the mandrel tapers inwardly along a length thereof fromthe first end to

the rounded distal 17end. 2fe pkBeesy 8£8RIMOf, hatdih kBe rhahlfehasnel uding the

step of: <contouring the article by altering a surface of the mandrel. 25.
The process of clai m&& V\hm%Eei n the rranﬂrﬁl has a non- uniform shape. 26.
The process ofURFEANHANECOP|(FA REISSTIRAUPHERGNEME step of :

18. A process for forming an article formed of a cushioning
material and having a preselected thickness, the process comprising the
steps of:

providing an apparatus including a mold having a cavity
formed theréin and a mandrel that is positionable between a retracted
position and an extended position, wherein in the extended position, at
least a portion of the mandrel is received within the cavity;

disposing a quantity of cushioning material into the inside of
the prosthetic liner such that the cushioning material pools at a distal end
of cavity, the quantity being a sufficient quantity to form the article of
the preselected thickness;

directing the mandrel into the inside of the cavity until the
mandrel is positioned in the extended position, the driving action of the
mandrel causing the cushioning material to be dispersed between the
mandrel and the prosthetic liner, thereby forming the article of
preselected thickness;

cooling the cushioning material to form the article; and



formng a recessed section along the length of the mandrel, the recessed
section causing the formation of a section of increased thickness along

t he | engtwoabodseslarticl e. 27. The process of clai m 18, pCarushens/onsoss udi ng
the step of: formng a protruding section along the length of the nmandrel,
t he protrudi ng section causing the formatlon of a section of decreased

t hi ckness along the length of the article. 28. The process of claim18,

wherein the mandrel hasyRRdrali@yethet dBAArelfate thesnbengdvity suthabatatieect i on
of the distal end has an increased taper relative to surroundi ng sections

of the distal 003/ 08 US2003/ 008034 63 29. The process of
claim 18, Wné'VE Efﬁ\"e{ﬁge"é‘%ﬁa“ﬂ% al is a gel conposition. 30. The
process of claim 29 wherein the gel conposition conprises a block
copolynmer and mineral oil. 31. The process of claim 30, wherein the bl ock

copolymer is a polystyrene-poly(ethyl ene-ethyl ene/propyl ene)-pol ystyrene
(SEEPS) bl ock copol yner. 32. The process of claim 18, wherein in the
extended position, there is a gap bet ween a distal end of the mandrel and

a closed distal end of t cavit in rraterl settling within
this gap and f|OV\]né“irg aro pé‘?F t%ft 'f@h E?re?'héh?rﬁﬁ’a na@eas to form
a tube- like article having a cl osed d| stal end.

mandrel is part of a programmable pneumatic device which drives the

mandrel between the retracted position and the extended position.

20. The process of claim 19, wherein the mandrel is an
elongated structure supported at one end with a base, the base being
connected to two or more pistons of pneumatic cylinders for
Vpneumatically driving the mandrel between the retracted position and the

extended position.

21. The process of claim 18, wherein in the retracted
position, the mandrel is spaced a predetermined distance from an inner
wall of the cavity, the predetermined distance corresponding to the

preselected thickness of the article.

22. The process of claim 18, wherein the mandrel comprises
an elongated structure having a first supported end and an opposing

rounded distal end.



33. A process for formng an article formed of a cushioning material and
havi ng a presel ected thickness, the processconprising the steps of:

provi di ngwarro@gsaesiat us i ncl uding a nold having a cavityPcCirarsaed/ovseas ei n and
a mandrel plate that at |east includes a mandrel block that is adapted to
be received within the nold cavity; W 2062/ 080313 PCT/ US2003/ 008034 64
determ ning the preselected thickness of the article and disposing a

sufficient quantite3f cusiiheprogesséreiagh 2Nt @hehsinRirhind@l thsdre t he
article to the preselected thi ckness t he cushioning material pooling

within the caV|t directi i.nt o i nsi d f.. the
cavity until é"%ﬁ&?'}ﬁ H\gr(]) TIP @ ﬁofrhtherrﬁﬁ r%r?d tcr @E‘?( Yt dc)fhsstt%\he
cushi oni ng rrat erial and spreads the cushioning material throughout the

cavity, the ®enddrel block being driven to an extended position where the
di stance between a bottom surface of the mandrel block and the cavity is

approxi mately equaly4 o theTRs @36t&s chhhckg‘eﬁ.ﬁthé?%élhﬂﬂné 1% Qté‘-H"bpn' ng
material to formthe article; and wthdrawi ng the mandrel” bl ock fromthe

nold cavity such that the article n . be repoved the efro )
rocess of "ol ai m 33, whEPBITH AP B JERTRE SR8 A einecT AL ons
that is about equal to an inner dinension of the cavity so that a

peri pheral edge of the mandrel block is in intimte

25. The process of claim 18, wherein the mandrel has a non-

uniform shape.

26. The process of claim 18, further including the step of:
forming a recessed section along the length of the mandrel,
the recessed section causing the formation of a section of increased

thickness along the length of the article.

27. The process of claim 18, further including the step of:
forming a protruding section along the length of the mandrel,
the protruding section causing the formation of a section of decreased

thickness along the length of the article.

28. The process of claim 18, wherein the mandrel has an
uneven taper along its length in that a section of the distal end has an

increased taper relative to surrounding sections of the distal end.



contact with a peripheral edge of a wall that defines the cavity, thereby
preventing cushioning material fromflow ng between the mandrel block and
t he cavi tywowad3/0803A® 2003/ 080313 PCT/ US2003/ 008034 65 3PCTNIse003008086Ss Of
claim 33, wherein the mandrel block and the cavity has conpl enentary
shapes sel ected fromthe group consisting3of: circles, ovals, squares,
rectangl es, dianonds, and triangles. 36. The process of claim 33, wherein
the step of drivinggthe mpelcessmirdisias1B8havisdéreprstied cusmibnmld matérai ng
the mandrel plate such that the nmandrel block is received within the

cavity; and applyl conpressive force against the mandrel block which
i's transferre'g ?og‘{i%g%%%%ﬂﬁ%ﬁi ng material to cause the cushioning materi al

to spread across the cavity. 37. The process of claim 33, wherein the step
of driving the mandrel conprises the step of: pneumatically closing the
mandrel plate such that the mandrel block is received wthin the cavity,

the mandrel block Bging drie/prodedstdiecigin 29dath@esi thogel vhpebition
conpressive force is applied to the cushioning material to cause the

cushioning material to tﬁlgrgad Cross (%he c%gity. 38. The process of claim
33, further i|AQMBHRAY 3 HRCKCORONMENENDFYRFFEEY13 PCT/ US2003/ 008034

31. The process of claim 30, wherein the block copolymer is
a polystyrene-poly(ethylene-ethylene/propylene)-polystyrene (SEEPS)

block copolymer.

32. The process of claim 18, wherein in the extended
position, there is a gap between a distal end of the mandrel and a closed
distal end of the cavity, the cushioning material settling within this gap
and flowing around an’outer surface of the mandrel so as to form a tube-

like article having a closed distal end.

33. A process for forming an article formed of a cushioning
material and having a preselected thickness, the processcomprising the
steps of:

providing an apparatus including a mold having a cavity
formed therein and a mandrel plate that at least includes a mandrel block

that is adapted to be received within the mold cavity;



66 disposing a fabric layer to a bottomsurface of the cavity prior to

di sposing the cushioning material into the cavity, the article being
formed orwDapodsfsozitie fabric | ayer. 39. The process of clpaiTrmS3@3/obsoss her
including the step of: disposing a first fabric layer to a bottom surface
of the cavity prior to disposing the custdoning material into the cavity;
and di sposing a second fabric |layer around the mandrel block prior to

driving the mandrel bl ogkter@ining thstgraskidcresttitlonesst diethar aitidleandei ng
formed between the first and second fabric |ayers. 40. The process of claim

33, further ipgludi he. fio di ' £ abr | . h
vanar ol bl ockBPEor s UHiTuThd: ey, PR aReTr R i SR Bl (T on,

the article being forned underneath the fabric |layer. 41. The process of
cl ai m 40, whefasimtheerticietp ahe ayeselpetedathicknsissa theisuskipamadenal 42. The
process of claim33, further including the step of: inserting a cast
member into thgoIGRY WithiRth@'calftydi sposing the cushioning material into the
cavity, the cast nenber having a through opening formed therein for

recei ving the cushioni nﬂgrrat eri

al , wherein the 2003/ 080313 . .
PCT/ US2003/ 008034 67 sHA4petig the, e ?'c?‘&ckén‘&?ovﬁer 61%‘%%0@’%‘39}4'5]68”6? t he
t hrough opening, the mandrel block having a shape conplenentary to the
t hr ough openi thee trandrel block so that the mandrel block contacts the cushioning
material and spreads the cushioning material throughout the cavity, the
mandrel block being driven to an extended position where the distance
between a bottom surface of the mandrel block and the cavity is
approximately equal to the preselected thickness;
cooling the cushioning material to form the article; and

withdrawing the mandrel block from the mold cavity such

that the article can be removed therefrom.

34. The process of claim 33, wherein the mandrel block has
an outer dimensions that is about equal to an inner dimension of the
cavity so that a peripheral edge of the mandrel block is in intimate
contact with a peripheral edge of a wall that defines the cavity, thereby
preventing cushioning material from flowing between the mandrel block

and the cavity wall.



permt the mandrel block to be received in the through opening. 43. The
process of claim42, further including the step of: disposing a fabric

| ayer to wokoexmniisurface of the cavity prior to di spoPcmgszéns/oeseshi oni ng
material into the cavity, the cast nenber being di sposed on top of the
fabric layer such that the fabric |ayer 66 exposed in an area of the

t hrough opening, the article being fornmed on top of the fabric |ayer. 44.

The process of clai3B.33, fuhkhrbcesicbiidiang 3Bewsleeginathe mbadisl bipek and
di scharge port in the nold such that the discharge port is in

material and A ey ECkebbEREn AT, ShhioLhelBEd 18R e YGTRRSHRRLTL Y

33, further including the step of: formng a d| scharge port in the mandrel
bl ock such t haf: chielesdioyslsasguaiess re¢tenplese dinroandst anth tigngies.he cavity and
permts at |east one of excess cushioning material and air to be evacuated
fromthe cavity.

36. The process of claim 33, wherein the step of driving the
mandrel comprises the steps of:
manually closing the mandrel plate such that the mandrel
block is received within the cavity; and
applying a compressive force against the mandrel block
which is transferred to the cushioning material to cause the cushioning

material to spread across the cavity.

37. The process of claim 33, wherein the step of driving the
mandrel comprises the step of:
pneumatically closing the mandrel plate such that the
mandrel block is received within the cavity, the mandrel block being
driven to the extended position, whereby a compressive force is applied
to the cushioning material to cause the cushioning material to spread

across the cavity.

38. The process of claim 33, further including the step of:



WO 2003/080313 PCT/US2003/008034
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disposing a fabric layer to a bottom surface of the cavity
prior to disposing the cushioning material into the cavity, the article being

formed on top of the fabric layer.

39. The process of claim 33, further including the step of:
disposing a first fabric layer to a bottom surface of the
cavity prior to disposing the cushioning material into the cavity; and
disposing a second fabric layer around the mandrel block
prior to driving the mandrel block to the extended position, the article

being formed between the first and second fabric layers.

40. The process of claim 33, further including the steps of:
disposing a fabric layer around the mandrel block prior to
driving the mandrel block to the extended position, the article being

formed underneath the fabric layer.

41, The process of claim 40, wherein the fabric layer is part

of a tube-shaped sock.

42, The process of claim 33, further including the step of:
inserting a cast member into the cavity prior to disposing the
cushioning material into the cavity, the cast member having a through

opening formed therein for receiving the cushioning material, wherein the
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shape of the article is controlled by a shape of the through opening, the
mandrel block having a shape complementary to the through opening to

permit the mandrel block to be received in the through opening.

43. The process of claim 42, further including the step of:
disposing a fabric layer to a bottom surface of the cavity
prior to disposing the cushioning material into the cavity, the cast
member being disposed on top of the fabric layer such that the fabric
layer is exposed in an area of the thréugh opening, the article being

formed on top of the fabric layer.

44, The process of claim 33, further including the step of:
forming a discharge port in the mold such that the discharge
port is in communication with the cavity and permits at least one of

excess cushioning material and air to be evacuated from the cavity.

45, The process of claim 33, further including the step of:
forming a discharge port in the mandrel block such that the
discharge port is in communication with the cavity and permits at least
one of excess cushioning material and air to be evacuated from the

cavity.



