vy

WD 97/ 17917

PCT/ US96/ 17777 PROCESS AND APPARATUS FOR MAKI NG
PROSTHESI S SOCKET FI ELD OF THE

| NVENTI ON This invention relates to a nethod and apparatus for
maki ng a defywBiokhseey 5 prosthesis socket for fitting resPODESHITIBS to
prost heses and a resultant prosthesis socket .

PROCESS AND APPARATUS FOR MAKING PROSTHESIS SOCKET

F E IN Ti
This invention relates to a method and apparatus for making a definitive
5  prosthesis socket for fitting residual limbs to prostheses and a resuitant prosthesis

socket.

BACKGROUND OF THE PRIOR ART

Detinitive sockets for fitting prostheses to residuai limbs of amputees are

made by various processes in accordance with prior art techniques, including

10 molding thermosetting, thermoforming or other known resinous materials to obtain
a final rigid socket shape that will receive a residual limb and structurally react
loads between the prosthesis and the residual limb without discomfort to the user.

Such moided sockets without and with reinforcements are exemplified in U.S.
Patent Nos. 5,163,965, granted November 17, 1992 to Rasmusson and Fischl; and

16 5,263,990, gramted Novemnber 23, 1993 to Handal, respectively.
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BACKGROUND OF THE PRI OR ART Definitive sockets for fitting
prostheses to residual |inbs of anputees are made by vari ous
processes in accordance with prior art techniques, including 10 nolding
sthernosetting, thermoformng or other known resinous materials to obtain

a final rigi socklgt shape that wll receive a residual Ii e
structural | Q¥R | oads bet ween the prost hesi s and e resi Jual l'inb
wi t hout disconfort to the user. ch nol ded sockets without and with

reinforcenents are \BAsspidanceWitha ‘Ue'Skm’W“ techpigue for Mgdingdefinivesockess ant ed
Novenber 17, 1992 to Rasnusson and Fischl; and 15 5,263,990, granted
November 23, 199??‘!9%?&(""% SR pf Gesitve moid of the rppidual imbyarea is made

PCT/ US96/ 17777 In accordance with a well known techni que for
mol di ng def i ni oL BiISIeE E paris fema!ﬁofr'}sgﬁm%fﬂ éPF‘é? that Jagheen rmpdbY i ve
nol d of the re5|dual linb area is nmad | aster of paris fenal e

or negative caStaidiag &%@W%W&Fﬂﬁ%a’ﬁi‘éﬁe fﬁﬁ\’éﬁ’"ﬂ? sometimeswith the aidef 3| ceve

directly agginst the residual |inb, sonetines w
y gg i nown pressure casting system of the type exemphr}ledq)v t%e ?CE({AST" system

made by Ossur h.f. of Reykjavik, lceland. The positive mold is then adjusted or
“rectified” in accordance with well known techniques to provide relief for sensitive
areas of the residual limb and to obtain a correctly sized socket that wilt properly
fit the residual limb. The muitiple step molding and rectification process is welil
10 known and has been extensively described in fiterature and texts known to
prosthetists. The process is time-consuming, expensive and heavily dependent on

the individual skills of the prosthetist.
Other procedures for molding interim or definitive sockets have been
described in the prior art, including a procedure whereby SCOTCHCAST® tape
15 made by 3M Company of Minneapolis, Minnesota, has been utilized to produce an
interimn prosthesis sockat for below-knee amputees. The SCOTCHCAST® tape was
wrapped directly over the residual fimb after a tube sock was applied to the
residual limb and manual compressive pressure was applied to the SCOTCHCAST®
tape while it was curing to a hardened condition to provide relief for the patellar
20 tendon area to form a PTB bar and to control the anterior-posterior diameter for
weight bearing. {(Wu et al., "SCOTCHCAST® P.V.C. Interim Prosthesis for Below-
Knee Amputees”, Bulletin of Prosthetics Research 10-36, Fall 1981, pp. 40-45).
This process, however, has not been reported as being suitable for forming

definitive prosthesis sockets suitable for continuous long-term use.
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5 known pressure casting systemof the type exenplified by the

| CECAST[err] system made by [err]ssur h.f. of Reykjavik, lIceland. The
positive nold is then adjusted or "rectified" in accordance with well
known techniques to provide relief for sensitive areas of the .
residual |inmQuaps7$@ obtain a correctly sized socket that wWwCTURGOPRT |y

fit the residual |inb. The multiple step nolding and rectification process

is well 10 known and has beem%&%gmﬁﬂﬂmliterature and
texts known to prosthetists.” The process I's tine-consum ng, expensive
and heavily dependentgn@resent invértfoni 8 LoMehed withid meidell rb&ituab lidbidedhinies -

Ot her procedures for nolding interimor definitive sockets have been

described in thqresthédis Sdket Fdriied ByN\hiry P EIRGIE Bise pitfaciire asttg Techiiqeel fieit I |
tape 15 made by 3M Conpany of M nneapolis, Mnnesota, has been utilized

to produce an  enables MeSprofudtioRSIfRS s8cikeP Withlan iRterhit o HRAER SRUBDERBAS in The

SCOTCHCAST[ err] tape was wrapped directly over the residual linb
after a tubessoainighasd canditibre dpdrPcdriietion of the %ﬁt&gaémbesgb THeGobRdt idinoided
conpressive pressure was applied to the SCOTCHCAST[ err] tape while it

was curing to a dist@eord residuhl limBusiiy Prdtbited redindils meferibitfaiadrbRfred 20

tendon area to forma PTB bar and to control the anterior-posterior

di aneter for form BEINGINiveRBah idWe-foredtds Hdre-impaghlited( Sié{peag™} tibulér rat
InterimProsthesis for Bel ow Knee Anmputees”, Bulletin of Prosthetics

Research 10- 36, draleb ot 98afopding $Partis)or siements ifdprégratalwith a Nanjenasis unb@ed not
been reported as being suitable for formng definitive prosthesis
socket s suitabl erfumhacienéd muoidabld pregedablyniesinéus material that is assembled with a

10  suitable prosthesis coupler that is ultimately unified with the moiding material
during molding and curing of the socket. Suitable liner and covering fabric layers
may be bonded to the inner and outer surfaces of the sacket material during
molding and pressure relieving resilient material may be incorporated in the socket
during molding as well.

15 " The molding of the socket is carried out using a compressive pressure
casting technigue modified so that tension is applied to the distal end of the
residual limb in the dista!l direction during hardening of the socket material. Ina
preferred embodiment of the invention, the tension is applied through a resilient,
impermeable suction socket or sleeve that has been placed on the residuai limb

20 Dbetween the limb and the socket material. It has been discovered that the
application of such tension to the residual limb distaily distends the soft tissue of
the residual limb relative to the underlying skeletaf bone(s) and reduces it in size
diametrically. The application of such tension during pressure casting of the socket
material produces a virtually final or definitive desired fit between the residuat limb

25 and the socket. Thus, this invention reflects the discovery that the combination

of tension appiied to the distal end area of the residual fimb and compression
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PCT/ US96/ 17777 BRI EF SUMVARY OF THE | NVENTI ON
The. present invention is concerned with a nolded residual [inb definitive

. prosthesis socket fornmed by using a single step pressure casting techni que
t hat enabl es the production of the socket with an IP(%'% ‘gh}] orm t hat

i s substantVRA™h 5 finished condition upon conpl eti g casting

process. The socket is nol ded directly a residual linb using a
rei nforced resfiig ofithesepiat materal ﬁ'FPCG‘V;S’I"éFW@Ha' Climb while yydey gichitegsion
invention is pre-forned as a pre-inpregnated (" preg") tubul ar nat

or web of rei nfRANEsAPresthatEo Moidp datinitice sepket &ﬁgf@ah%cwﬁew Asinglersar e
uncur ed or unhardened nol dabl e preferably resinous material that is
assenbl ed wi t ht3ing 4 proldablgang hardepable ﬁWé@F @%@b&e?pqsﬁaﬁsef thegeressatwdead

unified with the pol di ngﬁmaterl al dur i n‘%ﬁrml di ng and curing of the
socket . Suit abPEAMINGRTUCHY chatASISristcs 5053 Rrofthpels socket.

5 A preferred moldable curable socket materiai in accordance with this
invention comprises a tubular mat of braided carbon fiber reinforcing strands
impregnated with a water curable polyisocyanate type prepolymer. The exemplary
socket pre-form assembly includes a prosthesis coupler elementintegrated into one
end of the socket assembly before molding and hardening.

10 DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates a side elevation section view of a pressurized casting
device constructed in accordance with the prior art;

Figure 2 shows a side elevation section view of a pressurized casting device
constructed in accordance with the invention with a residual limb, residual fimp

15  suction sleeve and socket pre-form in position for casting a residual limb socket
intended to cooperate with a prosthesis;

Figure 3 is a side elevation section view showing a detaii of the residual limb
suction sieave, prosthesis coupler and socket pre-form with pressure ralief inserts
in place;

20 Figure 4 shows a partial section elevation view of the tension connector
element of the pressurized casting device in accordance with this invention
incorporating a tension -measuring arrangement;

Figure 5 is a partial section elevation view illustrating an alternate
arrangement of the residual limb socket sleeve and socket pre-form in position for

25 casting;
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may be bonded to the inner and outer surfaces of the socket material during
nol ding and pressure relieving resilient material may be incorporated in

t her socket during nolding as well. 15 The nol di ng of the

. socket is carried out using a conpressive pressure casting techni que
nodi fied so whedinhesion is applied to the distal end of thecTrssenrrrz
residual linb in the distal direction during hardening of the socket

material. In a Figuté €8 G5 'L BaRiP Q868 Vie® of ' préteBd | édbodinfiéhet 60N 1S
applied through a resilient | nper meabl e suction socket or sleeve

that has been pﬁeﬁ,ﬁ@,@eg,gnig&dr‘g%q“qke gd&‘gtp,ggormbet ween the linb and the
socket material. It has been discovered that the application of such

tension to the resi tigure l7iig'h doiaf ls@btion »dévsfs&s&dﬁ.gtth@ssaa‘e& pie-fofiti Qofected 1o

the residual linb relative to the underlying skel etal bone(s) and reduces

it in size the prosigsly écﬁnEiurl@’ merhb8r sH¥the E@t@i‘ RBYericoveriny th@Q&dl@f‘?r@lfBMﬂg

pressure casting of the so mat eri al produces a virtu final

or definitive desir eigdréts b@tamﬁéﬁ%:ohh@etéﬁﬁhﬂuéﬂhowﬂqi the rostRédis tsb&esomaet
Thus, this invention reflects the discovery that the conbination

g ensi on appl i edprogthieie cdipibrabft@ddsihe and EuringCot 188 Bt pké-fdhnaﬂ@csﬁaﬂ{déss' on
with this invention;
Figure @ is a side-elevation section view of an alternative embodiment of a
tension connector system usable with the pressurized casting device of the
10 invention;
Figure 10 is a section view taken along line 10-10 of Figure 9;

Figure 17 is a section view taken along fine 11-11 of Figure 9; and

Figure 12 is a section view taken aiong line 12-12 of Figure 9.

I F PREFERRED
15 BODIMENTS O

In accordance with prior art techniques for making residual limb sockets

intended to receive a prasthesis for the limb, a female moid is typically formed by

a casting technique whereby a water activatable moldable and hardenable or
curable wrapping {e.g., plaster of paris bandage) is applied in soft pre-hardened

20  condition over the distal residual limb area, the wrapping is permitted to set up or
harden while it is pressurized by a pneumatically driven bladder or membrane
against the residual limb area, and after hardening (curing), the wrabping is
removed from the residual limb area so as to provide a femaile cavity duplicating

the residual limb distal end contour.
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PCT/ US96/ 17777 casting of the socket material directly on the
resirdual |inb while under such tension enabl es a prosthetist to nold
.a definitive socket for prosthetic use in a single step using a

nol dabl e a enabl e socket material that possesses th y - Ioad
RodTh i TSGR

bearing str characteristics for a prosthesis socke
preferred nol dable curable socket material in accordance with this
i nvention corrprl sedA ROSitive cagt atdke easidyablire distal epd @rea ischen waag ysiog the

st rands i npregnated with a water curabl e pol yi socyanate type
prepol ymer. Thiemalemavityyas a femaigoawrlh aﬂi‘ etinally npHes sHitalle | adiysypents jor
prosthesis coupler elenent integrated into one end of the socket
assenbl y bef or EeHEFFHARS ogﬁae H'!ﬂ"?gjé?ﬁ frgde. qéefmmve socket is moided by casting or

DESCRI PTI ON OF, THE DRAW N é’g 1l illustrates a side

el evation sect fo5ming %\ﬁ/“'&b'%l hardenabls spekptSi M@f material OYpE $he. ROSIYE: £80ct ed

i n accordange Wththe prior art; ‘H&@e 2 shows a side

el evation s®ct VafiPus fishing epasrtiang are then peefermed Prp;sogket to make i serdyierc ed

I n accordance V\nth%he invention with a residual linb, residual linb 15
suction sl eeve'Shdtntecevethe POSHesiS: position for casting a residual |inb

socket inte ded to coﬁgvrate with a Fi gure

t
3°7SCL i de ol evar | BRI FOREPE pockHs R ERE - T TPl sorket wilingaragrate

suitable hardware including adjustable prosthesis connector elements so as to
enabie a rigid yet releasabie connection to be made between the definitive socket
10 and the prosthesis. One part of such hardware is referred to herein as the
prosthesis coupier for convenience and is intended to designate the end fitting for
the socket that uitimately forms the distal load reacting connection between socket
and prosthesis.
With reference to Figure 1, a prior art example of a pressurized casting
15 device 10 is shown that has been successfully used to support and pressurize
female moid casting sleeves applied to residual limb areas during hardening or
curing of the mold sleeves to ensure that the mold sleeves will conform precisely
to the external configuration of the residual limb areas. The soft tissue of the limb
isgently compressed under pneumatic pressure uniformiy applied over subsfantiallv
20 the entire external periphery of the residuat limb area {pressure is avoided at the
limb distal tip area) through such a casting system.
The casting device 10 includes a rigid outer housing that includes a
transparent tubular member 12, a proximal end cap 14 and a distal end cap 16.
The distal end cap 16 includes a pressurizing fluid admitting and venting nipple 18
25 through which pressurizing medium {e.g., compressed air) may be admitted into

the pressurizing space 20 between the housing tube 12 and pressure membrane
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suction sl eeve, prosthesis coupler and socket pre-formw th pressure relief
I nserts in place; 20 Figure 4 shows a partial section

el evation view of the tension connector el enent of the pressurized
casting device in accordance with this invention i ncorporating.a
tensi on neaswpogreds r angenent ; Figure 5 is a peTuUss178¥cti on
elevation viewillustrating an alternate arrangenent of the residual

|| o socket s 06V SRl 23qdiSileaRiiih AdMdudinBO Thb hiddie 18 E*so permits Rithdrdlal
PCT/ US96/ 17777 of gir by st*cti?ﬂ froﬁi tgnu; r;)?esguﬂ.riﬁng?scog%%{) % e ? 9%5% g‘feﬂﬁﬂ' ne

preferred enbodl nen ormthe soc

T e P BRGNS o
layers covering the in %L(g:tcar%lg, prgésm'e membrane 22 comprises a compliant, elastomeric
8 sificane rubber tubular member clamped in fluid-tight relationship between the
clamping rings 24, 26 and the end caps 14, 16, respectively, so as to define the
pressuring space 20 between the exterior of the membrane 22 and the interior of
the tubular member 12 (and the interior of the end caps 14, 16, of course).

The end cap 14 is configured to provide an annular residuai limb receiving

10 opening 28 at the proximal end of the tubular member 12, while end cap 16 is
shaped to provide an opening 30 having a reduced cross-sectional area as
compared with opening 28 at the distal end of the tubular member 12,

The tubular membrane 22 is instalied in the tubular member 12 by stretching

the smaller silicone rubber tubular membrane radiaily outwardly atthe proximail end
18  of the tube and clamping it in place with ring 24, while the membrane is clamped

in end cap 15 by an internal ctamp ring 26 expanded within end cap 15 to about

the normal relaxed diameter of the membrane or slightly farger. The pressure

membrane 22 is maintained in longitudinal or axial tension along its length so that

in its assembled condition it appears approximately as itiustrated in Figure 1,
20  without wrinkied or coilapsed portions.

An annual fitting ring 32 is removably clamped by a fastener 34 to the
proximal end of the end cap 14 to close the space between a residual limb inserted
into the casting device and the proximai end of the end fitting 14 to prevent
biowing out of the membrane 22 through the proximal end of the tubular member

25 12 during a casting procedure when the membrane is pressurized. Various sizes

of fitting rings 32 are made available for use with the casting device to

7
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5 Figure 8 is a section detail view show ng the prosthesis socket
and prosthesis coupler after casting and curing of the socket
pre=formin accordance with this invention; Figure 9 is
.a side-elevation section view of an alternative enbodi nent of a

tensi on conpgetpgypystem usable with the pressurized castipgpgadesiree of the
10 invention, Figure 10 is a section view taken along |line

10-10 of Figu r%c%mmodgte varipus sizeflof Wsﬁiugillghﬁs avé"?gfubf? Bhe/ L‘a@y{\é Ak6ibe ¥ N9

line 11-11 of gure sectron view taken

along line 12-J2.@fedi gure 9. DETAI LED
DESCRI PTI ON OF P%EéﬁRRED 15 EMBODI MENTS OF THE

| NVENTI ON In operaflorf' &6 emw& Eaéﬂnb lieRLé Qhind'the bdniilhry 3 arfgoéﬁ]\ﬁ@k' ng

residual |inb sockets Intended to recelve a prosthesis for the |inb,

a femal e nol d dnpwn/pi ﬁawm f 94d8sliaPY¥mb area iPfifsR Préfved 8¢ WohANG YBRESHYY 2

wat er acti vat abl e nol dabl e and hardenabl e or curag | e wapping (e.qg.

pl aster of warmml tﬂeﬁ% A pstid 6akier thetinte, F?d‘:ﬁ?d?@!‘»‘d(?ﬁﬁﬂfa&&edwwm“on

over the distal ea, the wapping is permtted to set up or

harden while iy ¢ict ARyRavK! icéighl, Weﬁttﬁ%ﬂ@ﬁl Vi drifa, OFAiY Sfbelts 2fiE6He Sbeve

menbr ane agai nst the resi dual area, and after hardening

(curing), the gdrAPDithdches the soft KRR \GEEhd FddBual Gmbosrkslitkhe Higth Aireion0 as
to provide a female cavity duplicating

beneath the sleeve when it is donned by rolling the sieeve over the limb distal end

area and effectively stabilizes the soft tissue. However, the stretching essentially
10 only occurs at the surface of the iimb and is not to be considered the same or
equivalent to a tension applied from externally of the silicone sleeve 10 the limb
distal end area. The silicone sleeve is also referred to as a suction socket because

of how it interacts with the residual limb, which will be explained below.
A water settable moldable casting sleeve material, such as plaster of paris
15 impregnated tape or bandage, is soaked in water and then wrapped over the
suction socket while being formed by hand to smaoothly conform to the fimb distal
end area shape. A fabric stocking may then be piaced over the still soft casting
sleeve material and then the pressure casting device 10 if fit over the residual limb
area and casting material so that the residual limb enters the device 10 through the
20 proximal opening 28 {sometimes referred to herein as the residual limb receiving
end of the casting device). A suction is usuailly applied to the pressurizing space
20 through nipple 18 before the residual limb is inserted in the casting device 10
S0 as to draw the pressurizing membrane away from the central area of the casting
device to provide space for the residual limb and the casting material within the

25 central area.
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the residual linb distal end contour.

5 WO 97/ 17917

PCT/ US96/ 17777 A positive cast of the residual |inb distal end
area i s then made using the femal e cavity as a fenmale nold and
finally aftevosunrsabl e adj ustnents or rectificati onRCHESIHE’Hol d are
made, a definitive socket is nolded by casting or formng a suitable

har denabl e socket SArsgcer aup nddvide fdot OstRwnl haap e fitted witliih. the fressukéar i ous
finishing operations are then perforned on the socket to nmake it ready for
use and to recenentbradeebgtiv@sh liesiesidual limb distal end ardnthe distpl endlof phierbésucs S
socket assenbly, the definitive socket wll incorporate sui tabl e
har dwar e i ncl udastingativicet tadukiag o distithersaveidgpessadcationebictine wistal tip end df she
enable a rigid yet rel easabl e connection to be nade between the definitive
socket 10 andedidual imbsitrbagh the gressupamiembfansu Aslitabib \spaeen devicefmay @sh t O
herein as the prost hesis coupler for convenience and is intended to
desi gnat e t e émdiséd te engpuré thiat a space is maintained between the distal end of the iimb
with the casting material thereon and the cup device to permit expansion of the
distal end of the soft tissue of the limb longitudinally towards the cup device during
the pressurized casting procedure.
The pressurizing space 20 is now pressurized via the nipple 18 by using
10 compressed air from a suitable regulated source to thereby force the pressure
membrane into compressive contact with the casting material and to uniformily
pressurize the casting material about the residual limb. The soft tissue of the
residual limb reacts to the pressure as it was subjected to a hydrostatic force
exerted uniformly over the entire surface of the residual limb, but not against the
18 distal end of the limb due to the presence of the spacer cup.
in actuaiity, the pressure acting in the pressurized casting device tends t0
urge the casting device and its associated elements longitudinally away from the
distal end of the residual limb and to urge the residual limb back out of the opening
28. However, the compression and tension forces are stabilized within the
20 membrane 22 while the casting material is permitted to set up and harden in place
within the pressurized casting device while pressure is applied to the casting

material and the contained residual limb. External tensioning is not applied to the

residual limb area during this known procedure.

SUBSTITUTE SHEET (RULE 26)



t he socket that ultimately forns the distal |oad reacting connection
bet ween socket and prosthesi s. Wth reference to Figure

1, a prior art exanple of a pressurized casting 15

. that has been

curing of
precisely

The soft tissue of AFRE uffigient time hag

pressure uniforn

device 10 i s shown

successfully used to support and pressurize femal e nol d
casting sle plied to residual linb areas during har gepuSdnefrr
WS P

sl eeves to ensure that the nold sleeves will conform

to the external conflg rati on of the re§|dual i mb areas.

g4 o BB'r‘PE}F &LERY o

substanti a

o $he cagingusieavec

the entire external

d
peri phery of t'Hé‘%’@’s F’&H%W?‘\Flg spacs 2045 é%‘E?A é’ "le?aé?/ thegasting siepye material | |

distal tip are
devi ce 10 incl'l

%{Bthrou h such a castin

The casting

prepsy @”8" 306 &pe FRtrng %/: aﬁ IS fPRYRfrom the ’es'dé‘Fb‘F@?)ar ent

t ubul ar nenber ro mal cap 14 an distal end c The
d:Js'tJ al end capkqaéd % & %"B?@%@\SPR? F%ﬁﬂ%dﬁ“{!‘ﬁf@ﬂ&ﬁ%ﬂ@@ﬁtﬂw

ni pple 18 5.,.thr %h whi.ch ‘pref??utg zi ng . nedi um Fr%gessed air) may
be adnitted i nfg" ¥ ’“?'ﬂ%‘ riase ® G§SISYIERYE BPRSEIY BARY rawakPhiPe: ube
12 and pr ess“rr%s.%éf‘fm% Prom the cemral area of the casting device. 6

10

15

20

The hardened casting sleeve material, now in the form of a female molding
sleeve, is removed from the residual limb area in accordance with known
technigues using a cutting tool to split the sleeve, if necessary. The sleeve is then
subjected to further processing, and uitimately is used to make 2 male or positive
mold ot the residual iimb area using the cast molding sieeve as a female mold. The
positive moid is further processed or rectified to adjust the mold surface to a final
size and configuration, and to take into account pressure points that are known or
expected to exist between the residual limb and definitive socket. Typically,
pressure refisfs are needed in the final definitive socket to take into account the
shape and configuration of the residual limb distal area, the presence of bone
tissue near the surface of the limb, and other variables or factors that are well
known to prosthetists. The finat or definitive prosthesis socket is thus formed
using the male mold in accordance with known technigues,

The present invention contemplates apparatus and methodology for forming
a definitive prosthesis socket in essentially a single step casting operation that
eliminates the need for making female casting sleevas and positive moids as well
as much of the associated rectification and fitting work involved in the prior art

procedure.
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PCT/ US96/ 17777 or bladder 22 installed wthin the housing. The
nipple 18 al so permts w thdrawal of air by suction fromthe
pressuri zing space 20 to expand the pressure nenbrane 22 outwardly

" towards the ‘*’15'9"“’@57 menber 12, for purposes to be expl ai nedchuoswnz?77
In this exanple, pressure nenbrane 22 conprises a conpliant, elastomeric

etwoen the | oMK oo TRRR e MR b gtz ghf Rnal pricpfid~Cisting
respectively, SQgga rangﬁ%&? diﬁ%huncf;% with'a ?éé d?g-férﬂ?‘ﬁﬁm%ga EF{&%P&%::%H

exterior of therre erlor

12 (and the int g4 l'p{hlé)' Lv&r{lﬁn §ﬂrg‘éiclu&§ anfm gl*%§@?>rﬁsrh r‘rgts coupler 38 d "¢

end cap 14 is con |gured e an annu ar recel V|ng 10

opening 28 at tBSmP& Qéﬁnﬁﬁ\l &9&}1&’&5 LM&@%‘%{% H?s'?fﬂ&rsteé?u ngmoltt‘?c 16

is shaped 't o provi d an openi ng ing are Cross- sec I onal

area as 5 Caaaﬁé,{s% %@%"88% rQSp[%@ t@{hett'g'%%&gi fihBlaistad, diuhh& aWL%uI ar

menber 12. nmenbr ane I nst al

menber 12 by stgf the smaller silicone rubber tubular menbrane
radial ly outwardly atthe proximal end 15 of the tube and clanping it in
place With ring 24, WaishGwhhe Ak rétbR 8P Bhbodiment of e Ribefitih, e OY
an internal clanp ri ng expan ed wmthin end cap 15 to about

normal relaxed disiiiRnglof @tesidial IFRETRO W vered Hrd:Byld slidoRb Sétion dkeve hﬁ%%h'ﬁ e
as the ICEROSS™ described above. The silicone sleeve includes an integrated end
10 fitting 42 into which a tension pin or rod {or tension transfer element) 44 may be
screwed or otherwise secured (see Figure 3) to provide a means for transmitting
axial tension or compression torce through the distal end wall of the silicone sleeve
41,
Tension pins such as pin 44 have bsen used with such silicone - suction
18  sieeves for securing the sleeves in a prosthesis socket but have not been used in
the manner set forth herein for tensioning a residual limb 40 during pressure
casting of a definitive prosthesis socket.
The socket pre-form 36 in accordance with a preferred form of this invention
comprises any suitable combination of hardenable moidablie compounds and
20 reinforcement materials that will achieve the formation of a definitive socket having
physical characteristics necessary or desirable for such a definitive socket, and a
prosthesis coupler or the equivalent. A preferred embodiment of a socket pre-form
comprises a porous or web-like compitant tubtilar braided carbon fiber sieeve 46
{see Figure 6) available from Atkins & Pierce, 2 Braid Way, Covington, Kentucky
25  as product numbers WGM4, WGM5.00 and WGM®6.00 (4", 5" and 6" biaxial

carbon fiber sieeves), pre-impregnated with a water curable polyisocyanate type
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menbrane 22 is maintained in |longitudinal or axial tension along its |length
so that in its assenbled condition it appears approxinmately as
illustrated in Figure 1, 20 wthout winkled or collapsed portions.
. An annual fitting ring 32 is renovably clanped by a fastener 34 to the

proxi mal e end cap 14 to close the space betweeny {!?ﬂ,ﬁyﬁl Tinmb
I nserted wog;’l‘i??ﬁ the casting device and the proxinal eng.ro the end

fitting 14 to prevent . ._blowing out of the n:ﬁ&bra%zgfz t hrough t he
proxi mal end of"tRUYPELIRsA7Avatietie upder LD} Nog il 13{§ 10326+ fragp P GCawame when

t he menbrane is,pressurjzed. Varioyus sizes . of fitfi rings 32 are
made avai | abl e °f 8’[‘"’?@8"%% “T??@%ai?‘? FR§INS8 pretivated and rende “moldable by the

7 WO 97/.17917 . ) .

PCT/ US96/ 17777 adbitin of BRI Hhe tesin,and, alters WoHIng e TR8IN fISS 19 Ahardsped

whi ch the casting,.device is to be pl aced. I n operation,
to create a cagPﬁ‘Hﬂ"%fM\‘% usi ng the exenplary casting device shown

in Figure 15 a resi %?J s;leicn rcal%rr, etﬁe ib?aiéeidr csatrbcpnr gg(?rrs?éjev%s f%)pr}génrgadaw?tihlt;\g one
resin so that the ratio by weight of resin to the weight of fiber {not counting the
prosthesis coupler at the end of the sieeve) is about 50%. This ratio could be
varied to suit particular applications so that resin amounts as little as about 35%
by weight and as much as about 75% could theoretically be used.

10 Resins and reinforcements potentially suitable for use in forming the pre-
torm 36 are described in U.S. Patent Nos. 4,602,479 granted to Garwood et al.
on March 5, 1985; 4,667,661 granted to Schoiz et al. on May 26, 1987 and
5,228,164 granted to Graf et al. on July 20, 1993; al! of which are assigned to 3M
Company; and U.S. Patent No. 4,411,262 granted to Bonin et al on October 25,

16 1983, assigned to Bayer {(Germany); and all of which are herein incorporated by
reference for their descriptions of various formulations of water activatable
polyisocyanate resins and reinforcing materials potentially usable for making
preforms that may be used in the casting device and methodology described and
claimed herein.

20 Of course, resin-reinforcement combinations would be selected on the basis
of their storage (shelf {ife}, molding and hardening characteristics such that the
final socket would be structurally rigid and capable of bearing loads imposed on

such sockets during actual use.
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5 rubber sleeve of the type sold under the nane, |CERCSS[err],

manuf actured by [err]ssur h.f. of Reykjavik, |Iceland, over the
residual linb area. This type of silicone sleeve gently stretches
the soft tissue of the residual linb area in the distal direction )
beneat h t hewglgagygrwhen it is donned by rolling the sl eev®CEHHSPOATRE | i nb

di stal end area and effectively stabilizes the soft tissue. However,
the stretching esserteippé-Fotm Fethormay ¥ pasiagédinadliedhd canditidadn oherivaticaiiynb and
is not to be considered the sane or equi valent to a tension applied
from external | yeafd fdueh eintiis fdtivatdditgvsdakig itheprletfioskm in water tolrenided therpee-ar ea.
The silicone sleeve is also referred to as a suction socket because

of how it i ntefondlsofi\ahd chmplianesi Theaet pigdorniitian bewmiahudiip donpbdiionedtheel ow.
A wat er settable noldable casting sleeve material, such as plaster of paris
15 i npregnat edbsidametimb HRNdigehe sieevd by adanipututidrerandnalsd lzan ber mapesilyover

t he suction socket while being fornmed by hand to snoothly conformto
the |inb digt amoothed ashiitRNe presbeagaindt fhallimbcared inqicepegativefot ingertilpthel aced
over the still soft casting sl eeve material and then the pressure
casting devi celimb, sificdnet siesr@ prdvéorresnditheir dssotisted elemantsantonthecasidingg
material so that the residual |inb enters the device 10 through the 20
proxi mal openi dewick all sro aedardante rwittetheatiistription ipeesentesi hdreinatmse dund| belawrh
recei ving end of the casting device). A suction is usually applied
to the pressuri zi ngdsepafceeinforcemen? thatduialsuand athepblemkdtsoednstibitinh ahe éigaldual
limb is inserted in the casting device 10 so as to draw the

pressuri zi ng ndefinitivecsaokay of theprerforrs &It that detract fsemtmeldabilgy sbeif life or
device to provide space for the residual linb and the casting materi al
within thel0 strength are to be avoided for obvious reasons.

The presently preferred resin identified as 3M No. 41-3701-0524-3 is

composed as follows:

13
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25 central area. 8

WD 97/ 17917

PCT/ US96/ 17777 A spacer cup device (not shown) nay be fitted
-Within the pressure menbr ane between the residual linb distal end and

t he di stal d he pressure casting device housi %@% L34 “Or
avoi d press%yéhl n of the distal tip end of the resi dua Aﬂnb

t hrough the pressure nenbrane. A suitable spacer device may al so 5 be
used to ensure that a MEERIM BBARMWEIGHY bet ween the distal end of the
i b with the casting material thereon and the cup device to permt
expansi on of t fhd -methylengbis; isocyspateberzepelsoft ti ssue of t héP9-Phb

| ongi tudi nal |y ds, t he cup, device_ during the pressurized casting
procedur e. ph8 Y3k ‘Q'VGQH@WE%MW@% space 20 is now prexs@3irized via

the nipple 18 ' 10 conpressed air froma suitable requl ated source
to thereby for%ﬁéq&%@ém nion Ea"|li‘l§?'t‘?brane into conpressi $&%ontact with

the casti % m51{"|ten(oimacl F~6‘}Bg (%rgmuangélg‘rzvrca%dotte) 4.00
4-2-1-methyi-2-{4-morpholinyl) ethoy ethyl 1.34
morpholine {catatyst)
2,6-Di-tert-butyl-p-cresol 48
benzoyi chioride {stabilizer) .05

10 The resin is in liquid form when impregnated into the reinforcement and the pre-
form is in relatively firm but pliable condition within the sealed storage pouch
before activation by exposure to moisture.

The braided sieeve may be preassembled with a prosthesis coupier 38 by
folding the pre-formed sieeve over the outer surface of prosthesis coupler 38 and

16  securing the sleeve thereto in an appropriate manner, such as by using a string 48
(see Figure 7) to hold the sleeve in a recess 50 provided in the coupler 38. Of
course, any suitable attachment method could be used between fibers 46 and
coupler 38. In accordance with a preferred embodiment of the invention, the
braiding of the tubular form is carried out in 2 known "biaxiai” pattern that causes

20 the tubular form to be very compliant and to radially contract when the tube is
stretched longitudinally. This enhances the compression molding of the socket pre-
form 36 during the molding and curing of the pre-form.

it is also contempiated that a socket pre-form material constituted of a
curable moldable and hardenable resin or the equivalent couid be used for making

25  a socket according to this invention without using a separate reinforcement aor

reinforcement web, or the reinforcement could be in a different form than a pre-
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pressurize the casting material about the residual linb. The soft tissue of

t he residual linb reacts to the pressure as it was subjected to a
hydrostatic force exerted uniformy over the entire surface of the
residual |inb, but not against the 15 distal end of the linb due ta the
presence of ,88,5R¢Fer cup. In actuality, theppresssarerracting
In the pressurized casting device tends to urge the casting device

of the 32?335?5’%9#24‘“2?3@“3" PRk el e o o U Bt R itng T
28, Hovever , N b 0ARLES SRt 1S by 6 BckePHoR okt abbickiih, e

20 rrenbranez g materra S permtted to set up and

harden in place 7o ibhth theldibteRbd BRuNAIESGoBRR brlbrRd Pmblinge iU o

is applied to the casting the contained residual |inb
External tensi ofrQs iMmBfled #PWatd? Yo WLV the resin dridSreHded! it mollidnia’ RButtie! ”9

this known procedure.
5 residual limb area by manual application, in 2 manner to be described befow. itis

to be understood that the socket pre-form 36 described above is exempiary oniy
and that other resins or curable (hardenable} compounds may be used in
combination with other reinforcement elements to form the socket pre-form 36.
Preferably, howevert, it is desirable to form the socket pre-form with its associated
10 prosthesis coupler as a pre-formed, pre-preg assembly ready for use in the
pressurized casting device 10 with a minimum of manual handling of the pre-form,
ather than 1o apply an activator agant to the resin component of the pre-form to
activate its hardening or curing and to don the pre-form over the residual limb so
as to place the prosthetic coupler adjacent the distal tip end of the residual limb.
15  Thereafter, the contact between the pressure membrane 22 and the pre-form 36
should be sufficient to mold the pre-form under compressive pressure in intimate
contact with the residual limb 40 while the socket material hardens or cures into
a final hardened condition. A suction sieeve 41 preferably is used between the
residuat limb tissue and the pre-form in the exampie shown,
20 Accordingly, as illustrated in the example shown in Figure 2, a socket pre-
form 36 with its associated prosthesis coupler 38 is placed over the distai end of
a residual fimb 40 to which a silicone suction sleeve 41 and its associated tension
pin 44 has been applied. The coupier 38 includes a central aperture 52 {see Figure
7} that may or may not be threaded, depending on the moiding arrangement to be
25 used, and may include other apertures 54 and other geometric or structural

features if desired for use as part of the prosthesis coupling arrangement. The

15
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PCT/ US96/ 17777 After sufficient time has el apsed to permt
curing of the casting sl eeve material, the pressurized space 20 is
.vented to rel ease the casting sleeve materi al from pressurization

and the casting device 10 is renoved fromthe residual |inb. Agai n,
a vacuum mWOBEMEpl i ed to the space 20 to draw the menbr BREYUSYIIHy ~ 5
fromthe external surface of the cast sleeve to permt easy w thdrawal of
t he r esiotpiat 38 albo fmayrinclude canyt dedired rppatubbrances oaesth b8l ev iotier

The hardened casting sleeve material, nowin the formof a fermale nolding
sl eeve, is rerpoenminted nfiedtuees sudhd aal shoiwmb tareahance alve bonding candi s&cutiRg W
techni ques using a cutting tool to split the sleeve, if necessary. The

sl eeve i s t herharb@teristich pentars the coupieh8B gmdothesweiogrm 36dn uhe iaremt of thei S
used to nmake a male or positive nmold of the residual |inb area using
t he cast nol dicoypigt 38 during maldingraniddn the final Flred socket. The soupierd38ariddresis
further processed or rectified to adjust the nold surface to a final

si ze and c8nf iof tihexpreciorm Afoare dntireatelyi bondedi tegstiner dywing she cagtipgpreceskat are

known or expected to exist between the residual |linb and definitive
socket. Typi cal | y, Anli@portprtfesturecofr the ipedsentaineentinade dhe use dfsesiombpplied
definitive socket to take into account the shape and configuration

of the residuiPthesiisone sieave 4t distal encarpa wis thecendditting A2 during circutifersatial near
the surface of the linb, and other variables or factors that are well
compression of the socket pre-form 36 while the pre-form is curing and hardening.
As noted above, the silicone sleeve 41 in accordance with this example is often
10 referred to as a "suction socket” because it grips the residual limb in an airtight,
non-siip manner. When used with a prosthesis socket, such a sieeve not oniy
provides a soft interface between the residual limb and socket, but aiso prevents
pumping action of the residual limb area at the distai end of the residual limb, an
undesirable phenomenon that occurs with some other types of known prosthasis
15  sockets or siseves. The silicone sleeve achisves this effect by maintaining itself
in tight yet compliant contact with the residual limb area due to the gripping force
exerted by the silicone against the residual limb, which prevents air from entering
the sleeve interior between the sleeve and the residual limb.
To achieve application of a tension force on the distal end of suction sleeve
20 41 during compression molding or casting in the casting device 10, a tension
connector device generally indicated at 58 is used with the pressure casting device
10. The tension connector 58 is intended to engage tension pin 44 and prevent
its motion back towards the proximal opening 28 of casting sleeve 10 during
compressive pressurization of the socket pre-form 36. To facilitate engagement

25 bstween the pin 44 and the tension connector 58, a known one-way detent gripper

6Q is used whereby protrusions 62 on pin 44 may be pushed forwardly through the
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known to prost

hetists. The final or definitive prosthesis socket is thus

f or med using the male nold in accordance with known techni ques. 20
The present invention contenpl ates apparatus and methodol ogy for form ng

a definitive prosthesis socket in essentially a single step casting .
operation tg)%t 17917 elimnates the need for making fenmalrETERMMNY S| eeves
and positiv o828 as wel | as nuch of the associated rectification
and fitting work involved in the prior art erocedure. .

10 WD ipper78 without stoppage in a direction towards the connector 56 {i.e., away

PCT/ US96/ 17777 ) More specifically, with reference to Figure 2,
the known presdinmetheppximgt opening 2@e butsavarse motigpiof PR isbraked jand fac with

a socket pre-f
pre-forminclu
definitive pro
conpr essi on

5

10

15

20

25

orm 36 made i n accordance

sthesis socket in a single casti ngsitﬁg usi ng both
gripper reiease knob, pin or other element that may be appropriately

maniputated by the prosthetist.

The gripper 60 is well known in the art per se and such elements are used
in practice to secure silicone suction siesves, such as shown at 41, to prosthesis
devices to aid in inserting a residual limb into a socket to be used with a prosthesis
device. However, it is believed that such grippers have not heretofore been used
in association with pressure molding or casting systems of the type described
herein.

The gripper 60. in the embodiment of the invention ilustrated in Figure 2,
is carried by a tension connector support arrangement that includes a tubular frame
66 and a gripper supporting plug 68 axiaily slidable into the dista!l end 69 of the
frame 66. The plug 68 carries the gripper 60 and its associated mechanisms
including release knob 64, and the frame 68 includes openings providing manual
access 1o the gripper release knob 64. The frame 66, for example, may be formed
of longitudinally extending struts that are circumferentiaily spaced to provide a
cage-like enclosure for the gripper mechanism so that the reiease knob 64 may be
manipulated through the openings in the cage-like enclosure. It will be appreciated

that the plug 68 with the gripper 80 can be simply inserted into the end 68 of

_frame 66 to cause one-way engagement between the pin 44 and the gripper 60

after the residuat limb 40, silicone sieeve 41 and socket pre-form 36 have been
placed as a unit into the tubular member 12, as shown in Figure 2. In this position,
the socket pre-form 36 is in its casting position, and pin 44 extends axially through

aperture 52 and coupler 38 associated with the socket pre-form 36.
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5 and tension sinultaneously applied to the residual |linb distal area

during a nol di ng procedure. As shown in Figure 2 in the
preferred enbodi nent of the invention, the di stal end of a residual
. linmb 40 is covered first by a silicone suction sleeve 41 such as the

| CERCSS[ err] descri bed above. The silicone sleeve incl ude;@cﬁtﬁgrat ed
end 10 fi FHU’H’Z into which a tension pin or rod (or tensiron transfer
el enent) 44 nmay be rewed. or ot her e secured (see Figure 3) to
provi de a neans fornferfé?@?rggt"?ﬁﬁ‘s'm °°”"°‘§%V\4‘3 n %?F:ﬁ“?ﬁ?cﬁ&"gbw&r RigO% or ce
t hrough the digtal end | 1. 0of .the silicong s|eeve .41,

Tensi on pi ns sﬁ"@ h’"?i%mk?i"\rqgﬁﬁmﬁg;’%s Be‘gwetf?é‘ﬁf%\ﬁelweéﬁ(?ﬁ adpagitudingl mpvemsnt 15

ised in oAb ABrCAT e e 0% B moBHEAB MRGUSORSLE] Badama o 40
The socker pr cTPbPS8 3Frtisl e el afie e, E o cahes ABPEFEE HEieHTBAT tHcgsting

i i . ' -Sui lLe.conmbi nat i f h nabl | dabl
compounds ahd 9 TRtk BB SraParFurd orBH of e Vs Vel e et 1 on
o ot L1 g 6 i MR, a0 VR SIS Bbnao S5RRL
t he equi val entza,gfp‘(ee&%;‘ iBE&rQ%h.lge_nt of a socket pre-form

conprises a porous or web- e conpliant tubul ar braided carbon fiber

Y ton, KoTHielh Wil 6o Qladh Bhde 8RSk AN rgRod KR Lirnper 66!

and residual limb 40, silicone sleave 41 and socket pre-form 36 are located in

10 casting position, motion of pin 44 and the distal end of silicone sieave 41 toward
the proximal end of molding device 10 is restrained by the coupiing between the
pin 44 and the gripper 60, and the longitudinai motion blocking engagement
between the protrusions 70 and the fixed ring 26.

The proximat end of frame 66 in accordance with the embodiment shown

16  inFigure 2 inciudes a threaded proximally extending axial extension 74 (see Figure
2). The coupler 38, in accordance with this embodiment, inciudes a threaded
central aperture 52 that is threadedly engaged with the axial extension 74 of frame
66 of tension connector 58. In this manner, coupier 38 may be retained in close
proximity to the proximal end area 76 of frame 66 of tension connector 58.

20 In accordance with this embodiment, a space or gap 77 may be maintained
between the distal end of silicone sieeve 41 and the inner or proximal side of
coupler 38 during the molding procedure. This space 77 is maintained by the
engagement between pin 44 and the gripper 60 during molding in the pressure
casting device 10,

25 When compressive pressure is applied to the socket pre-form 36 via the

pressure membrane 22 following pressurization of the pressurizing space 20 by

18
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25 as product nunbers WGW, WGVW. 00 and WGVE. 00 (4[err], 5e[rr] and 6[err]

bi axi al carbon fiber sleeves), pre-inpregnated wth a water curable
pol yi socyanate type 11

WO 97/ 17917

PCT/ US96/ 17%97 17917 pre-pol ynmer resin 47 avail abl e underpdTABsiT??
41-3701- 0524- {rom 3M Conpany of M nneapolis, Mnnesota. The resin

15 2601 vt o0 S0ieagey S0 DA SR i ans e oA B S
idly. i i [ L) he .. ' o [
8 s e SASATER A R BB S
L1, e 9L of il (O HRBbA?, By g REBRUSTL 5 GAYB il 1
particul ar appHo%%EﬁP%f %R%téagﬁ%a)w@e lagﬁ’?!ﬂtasdﬁfai | didaltish 38 ré’éi%'d& %%ﬁe

by wei ght and as much as abou % coul d theoretically be used.
oS0 arc o ERFRESAF Mo SRR e L8 Bl A R B0 e
al . applied in a distal direction against the interior of the tubular member 12 and its
associated end caps 14, 16 will be reacted against the tension connector 58 at
force transfer or movement limiters 70 and such reaction will be transmitted
through the plug 68 to the gripper 60 and then to pin 44. The pin 44, in turn, will
10  transmit distally exerted forces back into the silicone sieeve end fitting 42 so that
the silicone steave 41 effectively receives the full tension load reacted through pin
44. The tension load applied to the silicone sieeve 41 is reacted into the residuat
limb 40 as a distally exerted suction and stratching force that effectively stretches
the residuat limb area in a distal direction while reducing its overall diameter, to the
15 extent that the soft tissue in the residual limb area can accommodate such
distention and reduction in diameter.

Actual tension loads used in practicing the inventive process and using the
pressure casting device according to the invention will be determined
experimentally depending upon the shape, morphology and sensitivity of the

20 residual limb and the structure/materiais constituting the pre-form 36. in practice,
using the preferred 3M water activatable polyisocyanate casting material disclosed
above, 3 pressure of 220mm mercury within the pressurizing space 20 yielding a
tension force on the arder of 17-30kgs has been found satisfactory to produce a
definitive socket. However, other pressures and tension loads that do not result

25 in a discomfort level for the amputee could be used. Alse, the degree of tension

used wilt depend upon the degree of tightness of fit between the residual limb and

19

SUBSTITUTE SHEET (RULE 26)



on March 5, 1985; 4,667,661 granted to Scholz et at. on May 26, 1987 and
5,228,164 granted to Graf et al. on July 20, 1993; all of which are
assigned to 3M Conmpany; and U.S. Patent No. 4,411,262 granted to

. Bonin et al on Cctober 25, 15 1983, assigned to Bayer (Cernmany); and all

of which are herein incorporated by ref erence for t;@t gg | ptions
of various MAYHEt i ons of water activatable pol yi sot ’g tz‘ﬁ? esi ns

and reinforci ng?lenat.e'r‘i al's potentially usable for making preforns that
may be used int iiefipitive ispgked @%té%dmednéﬁ%dbpﬁgycﬂﬁﬁﬁ pernyfosng useful to
clai med herein. 20 ~ O course, resin-reinforcenent conbinations
woul d be sel ecRredoashtherensignspin 44, 166 top pradetarminedrieyal op dhasprder off@} 2kasol di ng
and hardeni ng characteristics such that the final socket would be
structurally r‘PQjPG W’mﬁ% PEer-fos@a HoMeVEG 13Ny PA5Esthe 1eRsion produced by
sockets during actual use.
12 compression of the pre-form should always exceed any pre-foad set at the tension

8 pin.

During compression of the socket pre-form 38, it is hardening against the
tensioned and somewhat narrowed residual limb area of the residual limb 40. To
the extent that the compressive forces exerted against the residual fimb area cause
its axial elongation in the distal direction, it will be seen that this motion is readily

10  taken up by the advancement of pin 44 further into gripper 80 so that the distal
tip end of the residual limb is not effectively compressed so long as space 77 is
maintained. The threadsed connection at the central aperture 52 of the coupler 38
and the threaded extension 74 of frame 66 causes the axial loads in the distal
direction that may be exerted by the casting device 10 to be reacted into the

16  coupler 38 so that in effect the coupler 38 moves with the tension connector 58
relative to the residual limb 40. Accordingly, since the coupler 38 effectively
moves with the tension connector 68 and end cap 16 of the casting device 10, the
space 77 is maintained between the distal end of the residual fimb and the coupler
38 provided that the distal end of the residual {imb does not expand sufficiently to

20  take up all of the space 77.

The combination of compressive maoiding forces exerted on the socket pre-
form 36 while it is hardening and the tension applied in a distal direction to the
residual limb area via the suction socket 41 results in forming a prosthesis

definitive socket having an internal geometry that requires little or no further

25 rectification before use as a definitive load bearing socket.

20
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WD 97/ 17917

PCT/ US96/ 17777 The pre-form 36 normally is packaged in
rolled-up condition in a hernetically seal ed pouch and is activated
by soaking the pre-formin water to render the pre- formsoft and

" conpliant. T%gv,\ﬁ.;,lfre-form can be manual | y donned over thecrmusssnrresi dual
limb and silicone sl eeve by mani pul ati on and al so can be nmanual |y 5

Tnserting the o b uRRpeS RN Er et web®t it bR Mol ed
CLETENts 110 R o sy B Bt o s ARG Forlf b o
et i mi 1 v sock e aho Bifecta BB, haBRa| &4, 5iahe bbUdn bikfocdbifsa ome,
e ons a1 DB ol 8 AP e e RS9 539 s g
conposed as §0l kWS eny enhance the compression force exerted by pressure membrane 22 while
the socket pre-form 38 is curing and hardening within pressure casting device 10.
It has been observed that the requirement for a space 77 may not exist in
all cases and the embodiment of the invention in accordance with Figure 5 may be
utilized if such a space 77 is not required.

10 The embodiment of the invention illustrated in Figure 5, wherein like
reference numerals are utilized for elements corresponding to the elements aiready
described, includes a silicone suction sieeve 41, sleeve end fitting 42, and tension
pin 44 having protuberances 62 thereon for engagement with a gripper (not
illustrated) carried by a frame 68 of tension connector §8. In this embodiment, an

16  axial extension 78 of proximal end wall 78 of tension connector 58 is not threaded,
but is generally cylindrical so as to engage a corresponding cylindrical aperture 80
in coupler 38 through which the extension 78 extends. The extension 78 thus
serves to center the coupler in the casting device. The pin 44, as in the previous
embodiment, extends through both the axial extension 78 and the aperture 80 in

20 the coupler 38. it wiil be observed that, as illustrated in Figure 5, when the socket
pre-form 38, silicone sieeve 41 and residuai limb 4G are focated in the casting
position, the distal end of the silicone sleeve 41 virtually clamps the coupler 38
between the distal end of the residual imb 40 and the proximai end wall 76 of
frame 66 of tension coupier 58.

25 In accordance with the embodiment of Figure 8, casting or molding of the

socket pre-form is carried out in the same manner as described previously in
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PCT/ US96/ 17777 MATERI ALS% BY WEI GHT

1, 1--nmet hyl enebi s (i socyanat obenzene) 59. 00 PPG 725
.(glycol from Union Carbide) 25.03 PPG 425
(gl ycol frovrvnolgglfll,g;\_’ Car bi de) 9.92 PCTIUSINTTTT

connection with Figure 2, whereby fluid pressure is appiied by pressure membrane

22 to the exterior of the socket pre-form 36 to thereby cause both radiai
compression and a tension to be applied to the residual limb 40, the silicone sieave

41 and the pre-form 36 during the casting process while the pre-form 36 is

5 hardening. The beneficial results described previously obtained by applying such
compression and tension to the residual limb within the socket pre-form during
curing may be obtained with the embodiment in accordance with Figure 5 as well.

f{t is contemplated that, for some applications, it may be desirable to

measure or monitor the tension applied or reacted by pin 44 to the distal end of

10 silicone sleeve 41. in accordance with the embodiment of Figure 4, a gripper 60
is carried by a gripper and load cell assembly 82 that may be axially inserted within

the distal opening of tension coupler 58 to engage the pin 44 before the socket
pre-form 36 and residual limb 40 are pressurized in the casting device. The
assembly 82 includes 2 suitable force sensing device or load cell 84 that may be

18  electrically actuated via leads 86 so as to measure and/or monitor the tension
appiied to the gripper 60 during compression moiding of the casting sieeve 36. Of
course, the load cell 84 may take any suitable form that enables measurement of

the force, whether tension or compression, reacted by pin 44 against a relatively

fixed element associated with the casting device. Also, the foad cell 84 may be

20 mechanically or etectromechanicaily operated in accordance with known state of
the art technigues and arranged to receive electrical signals to and transmit load
signat from load cell 84 via appropriate leads {not shown). A suitable indicator
adapted to receive {pad signais and indicate load forces (not shown} may be
provided to enable an observer to detect the amount of tension exerted by pin 44

25 against the distal end of the silicone sieeve 41. An exempiary load ceit element

that may be used is the model 802 Planar Beam Sensor made by Revere
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5 Pluronic F- 108 (from BASF Wandotte) 4.00 4-2-1

- et hyl - 2- (4- norpholinyl) ethoy ethyl 1.34 nor phol i ne
(catal yst) 2,6-Dl-tert-butyl -p-cresol
48 benzoyl chloride (stabilizer) .05

" 10 The res%dvﬁ.,!h? |l iquid formwhen i npregnated into the ;f(_qi,[lrggmﬂe-rmnf
and the pre- ormis inrelatively firmbut pliable condition within

the seated stor 6\99,19998&% éncgrpora@&‘;?gf:&rﬁﬁ, ks, Qriﬁﬁ@é}?ﬂ&ﬁri ] rsﬂg@%%yé e.

The brai ded sl eeve nay reasse ed w'th a prosthesis couple

fol ding the pre-_far : K 356 [ | er
38 and 15 seCl?E'?r?gg @r@%ﬁég\?@%ﬁ@?ﬁgﬁ%’nﬁ?ﬁmp? %ﬁagbﬁﬁa%\ﬁ?,ﬁgﬁgg‘pas
by using a string48 erro (see Figure 7) to hold the sleeve in a recess 50
provi ded in the coupler 8. o course, any suitable attachnment nethod
coul d be used betweep.fJ : . ; mﬁﬂﬁ%gh a
preferred enbodi nent Bé%fypﬁéﬁviﬁe&gﬁ@?g%?ro?ﬁg(b?é&bﬁrrgg%mI%ﬁ?ﬁ(tﬂ'g tubul ar
form!s carrged Jitin| 0 dbefiNsockbf*bith pPASLART Dellol HorfatihaS nortthiy  Bing

tubular formto be very conpliant an o radrally contract

tretched | ,l,gy{m : i a0 . ﬁﬁﬁ'. . di
:O(r:ﬁetc Sre-onglt‘ or%#gén u%iéﬂg '?%gﬁrml gﬁb&gng curihﬁgnovn'?rlh%wé%ﬁnoﬁm
It i | t : o o t ki Aetoid:

is also con wh@&%g.rnhgﬁfggﬁvé 05¢icet mildfrig| deFa iRl gr,g ﬁé{esﬁv&%h&% &%v@L? gr

cur abl e nol dabl e and e resin or the equiv e use
maki ng a technique whereby such pressure relief formations may be incorporated into the

socket pre-form 36 prior to pressure casting of the socket. As illustrated in Figure
10 3, soft silicone rubber or foam pressure relief formations 80 or simitar materials or
elements providing equivalent functions may be provided within the socket pre-
form 36 by first applying a thin smooth fabric inner liner layer 92 {for example, a
finely woven or knit nylon) to the outer surface of the silicone sieeve 41 foliowed
by application of the pressure ralief formations 90 to the auter surface of the liner
15 iayer 92. The skilled prosthetist will understand how and where the pressure relief
formations must be provided in accordance with known techniques whereby, when
the socket pre-form 36 is hardened, the formations 90 will be bonded into place
against the inner surface of the socket 36 by the resin and will be in proper
position to provide pressure relief for sensitive areas of the residuai limb 40 during
20 use.

After the pressure relief formations 90 are applied to the liner layer 92, the
socket pre-form 36 and coupler 38 may be applied over the liner 92 to prepare the
assembly for compression casting. The assembly is then piaced within the
pressure casting device 10 and the casting procedure as outlined above is carried

25 out in a manner to exert tension against the distal end of the silicone sleeve 41

while the sacket pre-form 386 is curing or hardening under compression.
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25 a socket according to this invention w thout using a separate

rei nforcenent or rei nforcenent web, or the reinforcenment could be in
a dirfferent formthan a pre- ' 14
WO 97/ 17917

PCT/ US96/ 17777 preg web. It is only required that l.al- be
mol dabl e andCR4d%habl e duri ng conpr essi on nol di ng%?gﬂggér’ﬁiga
structurally sound gocket r. prosthesjs ap*)%i cati on. . To
prepare the pref erré‘ £ QutepERYering javer 3¢ fpuexample. adinglyvwovenas kpjt -
formis imers In water tqQ activate the resin and render it nol dable
bbout the 5. PYISb (RRFGFrad). iknoreiglba RBRIS AN ST BHOr thhSEKRRPTRERT o o
descri bed bel ogm,lg IS . to beldundersto_gd t_h'asE3 é}he socket pre-form 36
descri bed abov&Ci§' ¥§EAMPLESFiog NG molding to prayjde g fipisged, appeagance onshe ewsedih| o
(har denabl e) cgn’g%gnds may be used in conmbi nation wth other

rei nf orcenent &P hts to formthe socket pre-form 36. Pref erably,

e bt s oo Al 3, Sl ST ol A P e |
e he pr e. e TeHblat fnRS Lhdtfhe B8Ves Tokidblafedn Fgbba ™8 "kl mitanarih sboes ' "
pre-form 36 has hardened and, if resinous, reached a partially or fully cured state
that provides a rigid definitive socket having an interior cavity that will precisely
accommodate and fit the exterior contours of the residual limb with which it will

10 be used. Further curing steps can be carried out if necessary at this stage,
provided that such does not adversely affect the fit of the socket.

A prosthesis connector or joint structure will be attached to the coupler 38
and the final outer contour of the sacket finished so as to provide such typical
support and relief areas as are normally provided on such definitive sockets,

15  particularly at the proximal end thereof.

With reference to Figures 9-12, an aiternate embodiment of a preferred
tension connector is illustrated. This arrangement permits accommodation of
shorter residual limb lengths within the casting device and facilitates engagement
and disengagement of a tension pin by a gripper mechanism.

20 As shown in Figures 9-1.2. a tension connector 100 comprises an elongate
cylindrical member {or housing) 102 having a generally smooth inner bore 103, a
proximal end 104 and a distal end 106. As shown in Figures 10 and 11, the outer
circumference of the tubular member 102 as shown in Figures 10 and 11 has a
smooth cylindrical periphery except for locking grooves or detents 109 that have

256 been molded, or cut otherwise formed into the periphery of the tubular member

102in longitudinally and circumferentially spaced relationship. The bottom of each
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other than to apply an activator agent to the resin conponent of the
activate its hardening or curing and to don the pre-form
over the residual linb so as to place the prosthetic coupler

.adjacent the distal tip end of the residual linmb. 15 Thereafter, the
h&;Pressure nenbrane 22 and the pre-form 3ecrwssarrrshoul d
be sufficient to nold the pre-formunder conpressive pressure in intimte

pre-formto

cont act bet

contact with th

cures into

GetétigfbiRe 10918 1dh) 8fihbin i BaSACKE! RO GE! AleulfbEESorthe

ené A suction sleev

preferably is u%ﬁ%&gﬁﬁ@@g& ftﬁebetwlien thd d;ﬁ%gﬂ;&la%édﬂl | Liatbikits Wé@%ﬂv@éf orm

In the exanple s

ccor ustrate € eXa

h i Fi _ ; X ; ] i at ed
Shoun, .1, 1S e SRk Rl soon g ol pphouianc, o

prost hesi s coupl er

| 1mb 40 to which a Sirh GRfH eRd'chp Tl 81 e Elsthh dilibe! diib At iEWIS Corls7cihe

pi n 44 has been appli ed.

Fi gure

arrangenment to be 25 used, and may I nc

e coupler 38 in a central aperture

5 7)in hEhddFR¥ WAfh Fife s &as'vsa%ggﬁgt naftGRRAY Be 43@35?%321

er apertures

geometric or strddglis ®42 having intbRal téh?é‘a%sﬁfa 43P 2hbéd!td Rlceive & BB EdnnBEtol

prost hesis coupling arrangenent. Th

15

10

15

20

25

locking device 116 which, asillustrated, includes external threads cooperating with
the internal threads 114 of the tubular extension 112. Pressure membrane 118 is
held assembied to the end cap 110 when the tension connector locking device 116
is securely threaded into the end cap as shown. Other arrangements can be
utilized for securing the tension connector locking device 116 within the end cap
110 in accordance with any suitable technigue that would be evident to a person
skitled in the art.  Tension connector locking device 116 includes locking teeth
120 projecting radially inwardly as shown in Figures 9 and 11 for selective
engagement with the detent grooves 109 in tubuiar member 102. The tension
connector locking device 116 essentially comprises a thin annular flexible tube
having discontinuous side wall portions resiliently biasing and supporting the teeth
120 whereby the teeth 120 can be sprung or deflected radially outwardly from a
normal focking position against the bias of the material forming the tension
connector locking device. For example, the tension connector locking device could
be made of a moided synthetic resin such as nylon which would provide inherent
resiliency for accommodating outward springing movement of teeth 120 in a
manner to be described below.

From viewing Figures 9 and 11, it will be evident that rotation of tubular
member 102 about its longitudinal axis will cause teeth 120 that are in locking

engagement with grooves 109 to be defiected radially outwardly when the smooth

25
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PCT/ US96/ 17777 coupler 38 also may include any desired protuberances
or teeth 56 or other pronounced features such as shown to enhance
.the bonding and securing characteristics between the coupler 38 and
the pre-form36 in the area of the coupl er 38 duri | and in
the final NPEYVtket. The coupler 38 and resin 5 of ?ﬁ@ﬂgggb?%rn136
are intimtely bonded together during the casting process. An
i nport ant f eat outer sifrfack gopsions ¢ A8 of theanember 102 ardqymoned under thateethtogpysei ed

to the silicone sleeve 41 distal end area via the end fitting 42 during

ci rcunf er ent i athe teeth to be agmnmed putwartllvifram thedreeves 108 JVhersthesrethengags

pre-formis curing and hardeni ng. As noted above, the silicone sleeve
41 in accordand¥® §nepth puter Susisse o108 Hie swbular o mepmbres 103 is frees te mevect i on
socket" because it grips the residual linb in an airtight, non-slip
manner. Wen u*geatw?naﬂv avighintherteasian gennestor lacking devigeithout gagagement or
provides a soft interface between the residual |inb and socket, but also
prevents 5 lockingnsf the sgath JR00with 9By aseqves 09 $hiongr amgmbend0iisne end
of the residual |inb, an ) undesi rabl e phenonmenon that occurs with
sone ot her typ@tated. Rlghtfotstien of thy wbulasmembexk K% 1q,plion the geapves 1094ith cone
sl eeve achieves this effect by maintaining itself = in tight yet

conpl i ant cont ¥eth 1#Q. howsuer, wil Rermft tegth) 2&%@%&%‘*’?'&' inwardly itp Ihaplgsestc e
exerted by the silicone against the residual |inb, which grevents air from
entering available grooves 109 on the exterior of tubular member 102 to thereby lock the

tubular member 102 against further longitudinal movement relative to the tension
10 connector iocking device 116 and the end cap 110 of the pressure casting device.

Since the grooves 109 are closely spaced together, fine incremental adjustmeant of

the position of tubular member 102 reiative to the end cap 110 is enabled simply

upon manipulation of the tubular member 102 in a rotational and longitudinal

sense. The flat bottom configuration of the grooves tends 1o prevent inadvertent
15  rotation of the tubular member 102 when locked.

The length of the tubular member 102 is selected such that it can be moved
within the casting device end cap 110 in a iongitudinal sense towards and away
from a residual limb within the casting device and an end fitting associated with
a silicone sileeve within the casting device, as will be explained more fully below.

20 In this embodiment, the length of the tubuiar housing 102 is selected such thatit
may be moved within the end cap 110 to engage a tension pin associated with a
shortest residual limb expected to be fitted with a molded socket while leaving’
sufficient iength outside the end cap 110 to permit manipulation of the tubular
member.

25 The tension connector 100 also includes a proximal end fitting 122 fitted to

the proximal end 104 of tubular member 102, the end fitting including a concave,
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the sleeve interior between the sleeve and the residual |inb.
To achi eve application of a tension force on the distal end of suction
sl.eeve 20 41 during conpression nolding or casting in the casting device

10, a tension connector device generally indicated at 58 is used with
t he pressurgv Cpa:gi%ﬁg devi ce 10. The tension connect acTa®9s/$71Nt ended
to engage t 510R pin 44 and prevent Its notion back towards the

proxi mal opening 28 of casting_sleeve 10 during_ __. conpr.essi ve .

pressurizati on ©PNiEa endouxiace 8?3-&“&%%?3' TAVIPa L 2RIt ét’@“@ﬁﬂ!ﬂj‘ Yrertending
between the pin 44 and the tension connector 58, a knomﬁne-waénge,tent
gri pper ePenteal harepxinds Hrguah heend fiing 22 an shown wFighs 9y End fitting

forwardly throu t he

PCT/ US96/ 17777 WP 9§/ Sepytef by threads 128, ap edindfisal Sloress fosh J#gde thas %f“’"ld%

openi ng 28) . puPRPERAE it Bipuiay mmipes 107 ot rpi R ea gt o Wbt |
it is desi t I the pin 44. T ' ' I d b i ng .
uitable 3 gt 802 pansibiaion engrotredt. dhwsireefed F R st BB b

appropriately distal end by fastener 130 to a load cefl 128 by fastener 130. The load cell 128

may be the same type of mechanism is described previously in connection with
load cell 84 illustrated in Figure 4 or any other suitable load cell that will function
in an equivalent manner.

10 A gripper mechanism 132 is provided in the central cavity of end fitting 122
and is retained therein by a suitable biasing means {not illustrated) normally
maintaining the gripper 132 displaced to one side of the longitudinal axis of the end
fitting 122. The gripper 132 includes internal teeth or detents arranged to engage
external teeth or detents provided on a tension pin 186 such that the gripper

15 permitslongitudinal movement of the tension pin 166 towards the distal end of the
tubular member 102 but prevents return movement of the pin until the gripper is
released. This arrangement of gripper and tension pin corresponds with the
arrangement described previously in connection with the embodiment of the
invention illustrated in Figure 2.

20 A gripper release device 134 comprises a tubular member having a conical
nose end 136 arranged to engage a conical surface 138 of gripper 132. Conical
nose end 136 of release 134 can be moved axially towards and away from the
gripper 132 such that, when the nose end 136 is advanced towards the gripper
132, it acts as a cam surface and the conical surface 138 of gripper 132 acts as

25  afollower surface so that the gripper 132 is displaced transversely or radiaily with

respect to the longitudinal axis of the end fitting 122 when the release 134 is
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5 mani pul ated by the prosthetist. The gripper 60 is well

known In the art per se and such elenents are used In practice to
secure silicone suction sleeves, such as shown at 41, to prosthesis
.devices to aid in inserting a residual linb into a socket to be used with a
prost hesi s device. However, it is believed that SU%QT | .S “have
not heret of P8B4 used 10 in association with pressure ng{ |ﬁg;or
casting systens of the type described her ei n. The

gri pper 60, i nd4v@aceshtRMaras ibe gripreiel3I%y Esansially,| theseonigab dose eml J3Beof2,

is carried by a tension connector support arrangement that includes a
tubul ar frane release 134 Gauses centaring oé thesgripper { BAgtherahy releasing is keetfromanbl e
into the distal end 69 of the 15 franme 66. The plug 68 carries the

gri pper 60 andtheiteeth<od sbe tansign ik 186i sns i ncl udi ng rel ease knob 64,

and the frame 66 includes openi ngs providi ng manual ) . access to the
gri pper rel ease knobegAipper{glepse,F34 isGuppgiteddn Siding relationship wishinslp inner of

o) oL b o e i BrSpdL i . e
el el e 3 o) B o] B 48 oSG o ¢
the gripper 60 can 'e inply inserted into the end 69 of frame 66 to
cause one-way %éﬁ‘gﬁ%?ﬁ?‘gvgé&\e’ 18 g5iPRersipleasy qokuatgr rod, 444 ghat extends of ¢ o
the residual liinggnul}ipdaﬂs I\Jnltlﬁr? [(“ae i?ul‘leeret\:/o?e %} m%rl.ll rsnc‘)ecnlggér PJzeis‘;S’ ng?e61 gfwﬁ‘ebeen
rod 144 inciudes an elongate slot 146 extending through the proximal end of the
10  rod 144, while the remainder of the exterior surface of the rod 144 is cylindrical
in contour as shown in Figure 12. An enlarged head 148 is provided on the rod
144 to provide a close fit within the bore 103 of tubular member 102 and to act
as a bearing surface between the head 148 and the bore 103.
A compression spring 150 on force rod 124 is retained by retainer discs
16 182, 154 and located at the proximal end of the actuator rod 144 for maintaining
the rod 144 located such that the enlarged head 148 of the rod is located at the
distal end 1086 of tubular member 102, The compression spring 150 tends to
spread the discs 152 and 154 apart, but the disc 154 is locked against longitudinal
maovement by an enlarged stop 156 provided on cylindrical force rod 124. Thus,
20 spring 150 urges disc 162 and the proximal end of rod 144 towards the distal end
of tubular member 102. The rod 144, on the other hand, is displaceable against
the force of the compression spring 1560 by moving the enlarged head 148
inwardly along the length of tubuiar membar 102 so as to drive pin 140 and gripper
release 134 longitudinally towards the gripper 132 to thereby selectively effect

25 release of the gripper 132 in the manner described above. Upon return of the

enlarged head 148 by, the spring 160, rod 144 is urged towards the distal end of
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pl aced as a unit into the tubular nenber 12, as shown in Figure 2. In this
position, 25 the socket pre-form3 6 is in its casting position, and pin

44 extends axially through aperture 52 and coupler 38 associated with
. the socket pre-form 36. 17

WO 97/ 17917 PCT/US6/17777

PCT/ US96/ 177‘?’?97/"917 The frame 66 of tension connector 58 in

Franstor ol ementuaarRRRE fofimt mitnermsiaie sreser roldsd i tliobper 1 1°70°
I e A b e e
RTINS L I e B T I e R
o e, P oo R i i e SRS Wl A R o
S0, | acat o5 W5tk 1Rl o RSB S YR ASH BB 165 20
of silicone sl e%ﬁsﬂ%ﬁe&@é’\@f &ipper 132 can be accomplished remotely by manually pressing
the eniarged head 148 effectively as a push-button.
The load ceil 128 is rigidly connected to the distal end of force rod 124 by
a suitable fastener 130, as previously described. The load cell 128 is also
10  connected to a load transmitting member 160 through an adjustabie fastener or the
like 168. The load transmitting member 160 is located within an eniarged portion
of the inner bore 103 of tubular member 102 and engsges a suitable metaliic ring
162 or the equivalent retained in shouider 164 of tubular member 102 at the end
of the enfarged section of the bore 103 {Figures 9 and 12}. Thus, ioad transmitting
15 member 160 is prevented from axial movement within the bore 103 beyond the
ring 162 in the direction of the proximal end of tubular member 102.
It will thus be seen that tension load generated during the casting process
as previously described and transmitted through end cap 110 to the tension
connector lock 116 and its teeth 120is in turn transmitted through tubular member
20 102 to cause load transmitting member 160 to move with the tubular member 102
and end cap 110 in a distal direction during casting.
The load transmitted through load transmitting member 160 is transmitting'
to the load cell 128 through the adjustable fastener 158 and this ioad is reacted
by the force rod 124 in tension. This tension force transmitted through force rod
25 124 in turn is transmitted to the gripper 132 through the end fitting 122 which

engages the tension pin 1686, as previously described. Thus, axial loading between
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the proximal end of nolding device 10 is restrained by the coupling between
t he pin 44 and the gripper 60, and the |ongitudinal notion bl ocking
engagenent bet ween the protrusions 70 and the fixed ring 26.

The proximal end of frame 66 in accordance with the enbodi nrent shown 15

i n Figure 2‘»88Iudes a threaded proximally extending axial extension 74
(see Figure MBI The coupler 38. in accordance with ERFUSMIBETi nent,

i ncl udes a threaded central aperture 52 that is threadedly engaged
with the axial Wgtesdsiapn! Wland the eesiziual imb witiGn ofie tastibigadevirenisahsmited. | N
this manner, coupler 38 may be retained in close proximty to the

proxi mal end arteoudb tbé Idadaet 128 welhich,cassireviousin desdribed 58 electiftally actuatelin
accordance with this enbodi nent, a space or gap 77 nmay be naintai ned
bet ween the di soAs Wmprodiice ainlelectrinal olpev sighdl infichtivh of itioad.oAnppproprigk si de

of coupler 38 during the nolding procedure. This space 77 is
mai nt ai ned by tladd or leads 183mpagested to deelvctanalzonnettoralfiB lotated iri thp enlaed
during nolding in the pressure casting device 10. 25 When

conpr essi ve Zpr 2ndut4B ofsarinppn telasse sod 144 enaliles enargizdtionnofabe ldad delid 28 and
pressure nenbrane 22 follow ng pressurization of the pressurizing space 20

by the availability of output signals indicative of the loatissensed by the load cell at the

connector 163.

Further in accordance with this embodiment of the invention, tension pin

166 is provided with a threaded head end 168 that extends through prosthesis

10 coupler 170 via a central bore 172. The threads of the head end 168 of pin 166

are received by the threaded socket 174 provided in the end fitting 173 of silicon

sleeve 176 that is in direct engagement with a residual limb to be fitted with a

prosthetic socket in accordance .with the invention. The head 168 of pin 166

effectively clamps the prosthesis coupler 170 to the silicone siesve 176 and its end

18  fitting 173 so that tension ioads applied through pin 166 will be transmitted to the

siicone sleeve 176 as well as the terminal end of the pre-form 36 during hardening

of the pre-form while it is under compression through the pressure membrane 118.

It will be noted that the concave conical end surface 123 of end fitting 122

enables the pin 166 to be located in the center of the end fitting to enable the pin

20  to extend through gripper 132 when tension connector 100 is moved in the
direction of the proximal end of the casting device.

In operation, the embodiment of the invention in accordance with Figures

9-12 operates in essentially the same manner as the embodiment described in

Figures 2-5. After the silicone sleeve 41 or 176 has been donned over the residual

25  fimb 40, the pre-form 36 with its associated prosthesis coupler 38 or 170 is rolled
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PCT/ US96/ 17777 conpressed air, the conpressive forces and the
reaction | oads tend to urge the pressure casting device 10 in a
, distal direction relative to the residual |inb 40 while the linb

itself remai Qg eghadhonary. By observing Figure 2, it will renussety7rhat any
novenment of the casting device 10 in a distal direction is resisted by the

5  connection agg H@E F%I;}gm'{&ie Sg?%é,? Qaif ge L &d Bto égseaég@a%ﬂgarﬂi%h%e s@?& ﬂ]dz ,

forces I on agaln Interior o

tubul ar nmember i'tg c%HfLirletdSrePigtrxal El’lgtb:ts'?ﬁec jte@'tts%qugﬂdetﬁ'pt%Bll%’thﬂeg?m Hto % r@aCt ed

agai nst the tension connec rce transfter nmovermen

| initers 70 andg ) ol k! i@haf liféLrion within blRSAHE ndntfam U0
68 to the gripper 60 %ﬁﬁﬁ%ﬁ%’tﬁfﬁﬁﬂ@ﬁ@%?n 4'3? viwn l'tiﬁr n, wll ?L 0
transmt distal by g#x4ggted forces back into the silicone sleeve end fitting

42 so that the silicone sleeve 41 effectively receives the full

tension | oadgr eact e%ﬂ&%gﬁﬂ t&hsion cﬁnnetﬂé: 5 Tglﬁ d@?ﬁieﬁ%ﬁ?ﬁ%@g gé?\glstiugﬂaugfo the

silicone sleeve 41 is react into the residu

di stal | ' ' f Gife el
1 o o | L R P PR o s A B L

the residual linb area 1n a ucing 1ts over

di aneter, 10 tNgripder asséeidtBd withtAk 1énSfonTB3hhectbS S dribddifents Sindi¢Bbrdahde
area can acconmnpdat e such di stention and reduction in dianeter.
Actual tension Wigdhe hitfddintknt of Fighfds's 1218 sight Pré-tefBioR &S agiilidd 48 kg L he
tension pin 1686 by pulfing on the tension connector after the pin 166 has been
10 engaged by the gripper 132. The tension connector 100 is then rotated
sufficiently to lock the cylindrical member 102 into engagement with the teeth 120
tothereby secure the tension connector 100 against longitudinal movementrelative
to end cap 110.
In all embodiments, application of a pressurized fiuid into the pressurizing
15 space 20 {Figure 4) causes external pressurization of the pre-form 36 in the
manner described previously and a resultant reaction load to be appiied in a distal
direction to the tension pin 132. Hardening of the pre-form 136 then proceeds to
compietion, fallowing which the tension pin is released from its gripper and the
residual limb with the moided and hardened socket are removed from the proximal
20 end of the casting device. The moided socket is removed from the residual imb
and final cutting, shaping (trumpeting) and finishing operations are performed
thereon in accordance with known techniques.
It is to be understood that preferred or best mode embodiments of the

invention have been described for illustrative purposes only and that the scope of

the invention is to be limited oniy by the scope of the claims that follow.
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pressure casting device according to the invention w Il be deternined

20 resi dual i and the atructur of mat NN ANHREIENI 6 <he pre”for m 36
[ an e structure/ ma _ ng e pre-form 36.
using the preferred 3MSWatter "acfi vt abl e pol yi socyanat e
casting material discl osed above, a pressure of 22 @}){;ﬁgﬁw
t he pressurWQigF(b”gbace 20 yi el di ng-& T rB}'Eﬂ forceq’on € ‘order
ynd satisfacto VHESOS 33 C. definitive socket.
IMS: 1 es and tensfon | Riat_do dhot result 25 in a
| evel for the anmputee coul'd be used. Al so, the degree of tension
depend upon the degree of tightness of fit between the residual

20 -residual
I'n practice,

7-30kgs has b
However, othe

di sconfort
used w ||
limb and
97/ 17917
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1. Apparatus for forming a definitive prosthesis so]éaet for a residua\{\o

PCT/ US96/ 17777limh0teheaﬁiqc%u@ﬁaggititgiﬁnltxei,;/c%msp%gzjége:t that is desired. Al so, in

practice it has"

66 to a predeterm ned lﬁ%
conpressing the pre-form
conpr essi on of

t ensi on
5

10

15

use
S Mo Ty ot G880 sl ensr,,
a feBRull 17 85 b 30 BHbLVA B Roatd HRPEbE YUY & duBR Tesifila fhnp! M
and cause its diametrical reduction;

a moldable definitive socket forming material configured to enclose
a distal end area of a residual limb, said forming material being hardenabie when
subject to an activating agent to a hardened state in which the forming material
possesses load besaring structural properties enabling the forming material to
function as a definitive prosthesis socket;

retaining means for retaining the socket forming material at a casting
location;

compression means for circumferentially compressing the socket
forming material at said casting location, and means for activating said
compression means; and

means for activating said tension applying means while said casting
material is located at said casting location and while said compression means is

activated.

2. Apparatus as claimed in claim 1, wherein said tension applying means
comprises a suction elastomeric residual limb sleave having a distal end and means

for distally tensioning the sieeve distal end.
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Eardgininhg agai nst the o ngt ggg}){)ﬁzzl gzdogotrg\ihzg)cﬁgrgvﬂ"'mm’ﬁmmmlmn
area of the residual |inb 40. To the_extentthatthe cédnpfessi Ve for ¢es

.exerted against the residual |inb afd#i$SHEET HAS BEEN b axi al el ongation in
the distal dwoettran, it will be se¢n theRERCEpNOti o is rRCRNSIITITD
taken up by the advancenent of pin ' pper 60 so that the
di st al tip eng. of Agparatesigtisimed indiaimd , whieretrd Said teingioh yppiping eansed so
| ong as space 77 is mai nt ai ned. The threaded connection at the
central apertur és &éangéd tdwension p kesidudBiimb distai erdarel hzatdbicewithiel seidinediddbien 74
of franme 66 causes the axial loads in the distal direction that my
be exerted by t ldefinitves soxket enaterial aftet said sockeacnadriaitas tiske arrdbgedcsnips & 38
so that in effect the coupler 38 noves with the tension connector 58

rel ative to the eneioplsath tesidbaldinb distabacliangl y, si nce the coupler 38

effectively noves wth the tension connector 58 and end cap 16 of

t he casting device 10, the space 77 is naintai ned between the distal
end of the residual Iinb and the coupler 38 provided that the distal
end of the residual #inb Alwestrbas caipwaddn siairhi1ciweherein said mehs fondativating| |
of the space 77. The conbi nation of conpressive nol ding forces
exerted on the $uidiensign applying meassmingludes s#id means firachvatinarsaidcomntession
tension applied in a distal direction to the residual linb area via

the suction sock®@nsl]l results in form ng a prosthesis

5. A pressurized casting device comprising, in combination:

a compliant elastomer residuatl limb sleeve having resilient and efastic
properties appropriate for elastically enveloping and closely conforming with a
distal portion of a residual limb;

5 a tension transfer element connected to a distal end of the residual
Iimb sileeve;

an eiastic annular pressure membrane arranged to at least be
selectively pressurized from its exterior for movement radially inwardly towards a
closed pressure casting position, the interior of said membrane defining a

10 longitudinally extending annular opening;

a rigid housing extending longitudinally along and enclosing the
exterior of the prassure membrane, the hausing interior and membrane exterior
defining an airtight chamber, said housing inciuding a residual limb receiving open
end;

15 a tension connector associated with the housing for engaging the
tension transfer element so as to prevent longitudinal movement of the tension

transfer element retative to the housing at least in a direction extending towards
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definitive socket having an internal geonetry that requires little of no

T B Ly e e s e Lo
the »

.PCT/ US96/ 17777 Si nce | TeISbSIHERTeHAS SERK]r cenent ‘web of

pre-form 36&4& 7@12%%”““ ed to r adiREPLACE®Nt r agt whepg~th&ehyhyl ar web
I s el ongat ed, Y&i& on force appl i ed=ttrough t+-He tension connector

ore-f orm 36wt FPAfesiial AR Aerebni e oraaRllrayeey roen 1 rpoie b pepmgn '
di al | : h ess] . d. b :
ronbr ane 22w bfogeted ke B HRG o ehRa TR kel Wik BB R 2oy

Wi thin pressur Fr,@ﬂ.i devi ce 10. It has been observed that
t he requi?éémsnﬁn or 'aﬁ‘gpace 77 may not exist in all cases and the

TP AL A . RN RTINS
the invention EILL\}JeS\MtﬁE %gntlaﬂeg Fetituz: lli_)mb e %&‘ﬁh&' inl a chr%ction from the residual limb

receiving end of the housing towards the tension connector whereat said residual

limb sieeve is in a casting position and said tension transfer elemsnt is in a position

S0 3s to be connected to said tension connector.

8. A pressurized casting device as ciaimed in claim 8§, inciuding a
tension force sensing device that cooperates with the tension transfer element and

senses tension force applied by the tension transfer element to the tension

connector.

7. A pressurized casting device as claimed in claim 5, wherein said
tension transfer element is an elongate pin and said tension connector comprises:
a gripper arranged to normally refeasably engage the pin in a manner

enabling substantially unrestricted ons-way movement of the pin reiative to the

5 gripper in a direction extending away from the residual limb receiving end of the
housing when the residual limb sleeve is in a casting position, and to otherwise
lock the pin against longitudinali movement reiative to the housing; and

a gripper release means for reieasing the gripper from the pin.
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reference nunerals are utilized for elenents_ca pondi mﬁ
al r eady descri bed, incl udesa gp@{psuﬁﬁﬁ b aammmu‘mm d
fitting 42, and tension pin A4 a\EpOt ubet ances* 62 t her Bons f of
_engagenent with a gripper (not ' ated)y Carried by a frame 66 of
tension conngglisepp. | N this enbodiment, an 15 axial exeenassn7?s of
proxi mal end wall 76 of tension connector 58 is not threaded, but is

general Iy cylindricag so ﬁfpougﬁﬂmaga&ﬁuﬁ%w.w%e%wa xﬁﬂwnﬂoslﬁﬁ&eﬁp&s&ure

80 in coupler 38 th e extension 78 exten

extensi on 78 tNygnsion connecrol Siddty E6iHeBtedth %nE Q.H@ b?fhé Houbibg f&qéﬁdﬂ&nal

device. The pin 44, as 1n the previous nbodi nent, extends through

both the axial exdvaRwn®FeidtRedRretd SndBiubity 8 n&%&naﬂﬁmuwet&qupb&m&&

wi |l be observed that, as Illustrated in Figure 5, when the socket

pro-form 36, si 'hhﬁtﬁi&%ﬁéxﬁﬁkfﬂi fhbvament &%Q%L‘iah'c’&hn&goﬁeﬁttb@@@%q'mhﬁné e
casting position, the distal end of the silicone sleeve 41 virtually

cl anps the gouplsediredtion towardsmewﬁauéa hﬁfnui retefingCBAU QF thd Polfisd it édwb 40

and the proximal end wall 76 frame 66 of tension coupler 58.

I n accordance Wrgdidah Gm8rEhede %ﬁ@tsaﬁf:eﬁs;&%méct&m I8 cadtingQoditiod. Of the
socket pre-formis carried out in the sanme nmanner as described previously
in 21

9. A pressurized casting device as claimed in claim 7, wherein said
gripper is carried by a tension connector support that is longitudinally sfidably
connected to the housing at the end of the housing opposed to the residual limb
receiving end, said tension connector support and housing being coupled for

<] relative longitudinal sliding motion and by a longitudinal movement limiter that
limits iongitudinal movement of the tension connector support relative to the
housing at least in a direction extending towards the residual limb receiving end of

the housing.

10. A pressurized casting device as claimed in ciaim 9, including a force
sensing device that senses force transmitted by the tension transfer element to the

tension connector and generates a signal indicative of such farce.

11. A pressurized casting device as claimed in claim 10, wherein said

tension force sensing device is mounted on said tension connector support.

12. A pressurized casting device as claimed in claim 5, including a
prosthesis socket pre-form adapted and configured to envelop a distal end portion

of said residual {imb sieeve with said residual limb sieeve containing a distai portion
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\Ié\gT?L/Ség?i;W? connection with Figure 2, whereby fil mm m&t@’““ \S\“\

appl i ed by pressure nmenbrane géé #ﬁEéfﬂ'ﬁﬁg mlltr of

+pre-form 36 to thereby cause both L ressi'on and a tension
to be appl 'vﬁgg élg {fe residual |inbi4 tﬁ’?g éPFIPmnp | eev 17741 and
the pre-fo Ty ring the castlng process whi | e the pre- orm%

har deni ng. Theﬁgeg%esy gults descrl bed previ oys ¥ obt ai ned by ap Iy| ng
such Ughitrabcwbersisy said pre-fonmeis,cofiguraf tpfitBetyyeen said residusbcicet
pre-formdyrin g e ained with the enbodinent in
accordancegvm tﬁ"’?is&m aggggad\,gﬂsgﬁre '"""R"""e within| said BOYSHI e p| at ed that, for

sonme applications, moni t or t he

tensi on applied or reactséﬁibﬁ?c %nprf °{"6 ‘f%’lﬂ"é’tzﬁ pé‘ﬁg"wgriﬁf*"esm"ﬂ@ﬁhe
| 41. | d t qf F
's carried by SOTPISLA TSR "f%ségﬂ ety et %ﬁfmﬂjgﬂgr rdning.

inserted within openi ng of tension.cou 8 t 0 engage
LheCri n4n bat Boowt the distlend erdbn S w&'ﬂ?a&‘mé%ad PEE Beal impenyen, o
pressurized in the casti

sui t abl g for ce sensi ng cfgglsggg%trp'?'égg‘ 'Eglf’ﬁ""%l?t%ﬁgfsq%a%’d%é&’g leslilgg@??‘h cally
bl ted 100 hegﬁ'? ?%‘ﬁ"@e‘%'gfde‘ﬁé R BRI B8R o R b d B %f?waga ceve
36. O ’tr%ng?er oAb R dxtBib Wtﬁr%&‘h AMen 3 HraRESn 530 Doty

enabl es neasurenent
position.

13. A pressurized casting device as claimed in claim 12, wherein said

compound is activatable from a moldable to a hardened state by water.

14. A pressurized casting device as claimed in claim 12, wherein said
socket pre-form comprises inner and outer surface layers formed of fabric that form
relatively smooth inner and outer surfaces of said socket pre-form in its hardened

molded condition.

18. A pressurized casting device as claimed in claim 13, including as a
reinforcement tubular braided strands of carbon fiber materiat and whaerein said
compound is a polyisocyanate prepolymer resin that is both rendered moidabie and

activated to its hardened state by water,

18. A pressurized casting device as claimed in claim 15, wherein said
strands of said web are bias braided in a pattern that causes the tubular wab to

contract radially when it is distended longitudinaily.
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the force. whether tension or conpression, reacted by pi tm“\
relatively fi xed el ement associ at ed vm' th the casti mm‘ﬁmmm

the load cell 84 may be 20 mecha v 2 ctromec ieal by ®Bpetat’ed
. in accordance with known state of ok EirHAsBEm‘n ques and arranged to
receive el ecliyd&Ales gnals to and transmni BERL@@ED si gnapciosveniend cel |
84 via appropriate leads (not shown). A sU v L.cat or adapted to

recei ve Toad i gnal s 3nd ANl calid Rl GLAES of Al Dol 7% Bieren oo

provided to enable an obse ver to € anoun nsi oh exerted by

P el ag%ﬂﬁ&p}@ﬁ,rﬁ'& :;s/é‘%ﬂngfa g%l%tse?tE #f node?ggtgéﬁgl anar TP oY

| oad cel |l el enent e use eam
Sensor nade by Revere 22

WO 97/ 17917

PCT/ US96/ 17777 1871 R PANESE BimddSh LlalR 32, i

which is an electrical strg‘lqﬁ ggggkgﬁﬂfgmbééggggam system z;ﬁgb%gwanay be

used in a stackqgr getammgTEYitudRals RHBn bPthe prosthe&:@gb'ﬁﬁereér{dqhé distal end of
It is typically deswable to provide pressure relieving soft areas or

formations the socket pre-form relative to the housing in a direction towards the residual limb

receiving end of the housing when the socket pre-form is in a casting position.

18. A pressurized casting device as claimed in claim 18, wherein said
tension transfer element is an eiongate pin and said tension connector comprises
a gripper arranged to engage the pin in a3 manner for enabling its one-way
movement relative to the gripper in a direction extending away from the residual
B limb receiving end of the housing when the sleeve is in a casting position, and to

otherwise lock the pin against longitudinal movement relative to the housing;
said gripper arranged to normally releasably engage the pin when the

pin is coupled to the gripper;

said gripper being carried by a tension connector support that is
10 connected to the housing at the end of the housing opposed to the residual limb
receiving end, said tension connector support and housing being coupied by a
longitudinal movement limiter that limits longitudinal movement of the connector
support refative to the housing at least in a direction extending towards the residual

limb raceiving end of the housing.
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5 wthin a definitive socket, such pressure relief for ' ||
bei ng I ncorporated in the socket constructed in a‘@'!ﬁmimmglm
prior art techniques during the final definitive sockett *

.operation. The present invention provides a techni que whereby such

pressure relief formations nmay be in%ﬁ%‘“ et
Lor 4

pre-form 36WBPT'HP"t O pressure castin EE & HARREE i FFElgtsyr@?‘gg I n

Figure 10 3, soft silicone rubber B3sure frelief formations 90
or simlar materials or el enents providing egurval ent functions nay
oot h 1 abr i ¢ | nnerZa-f ndrPIPEyERehsastng deuiks g5iciamad 1n caim 5¢ PRGIPGGVn of
by appli cati on of the. pP RSN BTIor SOSRRIG ALS SRR Y el MEtiteace. of
uhore e pr osi RS, EPPshe rosidual m s End et o 3 SO Cor dance

ith k t echni wher.eb wh . h t - 6 |

har dened. ¢ he. 1 or rmt § onSBEL{orT Mo ARIGStADS SRl attached 1t distaland e

I nner surfsace of .the gocke% 36 by the resin and will be in proper

position to prOAESORFRRGIUMN A of for sensitive areas of the residual
linmb 40 duri 20 . . Af t th lief

flor mationg“98gare appluisg'tfaf‘%ﬂ’fW@VFVWH"‘PQ%&{%?F jgsia coupier E’&‘%@t“’m’e-form
36 d | 38. b 1 ed .he | 92 t. . th

B e ol e PP S A BRI i e

the housing when the pre-form and prosthesis coupler are in a casting position.

21. A pressurized casting device as claimed in claim 20, wherein said
pre-form comprises a pre-formed tubular sleeve member including a reinforcement
web impregnated with a méldable and hardenable socket material, said sleeve
member being dimensioned to envelop in close conforming relationship said

B residual limb steeve containing a residual iimb in a casting position; said casting
material when moided and hardened forming a structurally rigid load-bearing

prosthesis socket.

22, A pressurized casting device as claimed in claim 20, wherein said
means for preventing motion of the prosthesis coupler reiative to the housing
inciudes means for securing the coupler against longitudinal motion reiative to the

tension connector,

23. A pressurized casting device as claimed in claim 22, wherein said
tension transfer element comprises an elongated pin extending distally of the distai
end area of the residual limb sleeve; said prosthesis coupler including an axially

38 .
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pressure casting device 10 and the casting procedure as m“
carried 25 out in a manner to exert tension against tm ‘m I
the silicone sleeve 41 whil e the _saocket.prea.form s auriMng®or”

. hardeni ng under conpression. THIS SHEET HAS BEEN
23 Wil 9719k 7917 EPLACED PCT/USS6/17777
PCT/ US96/ 17777 A sn i covering layer 94, for

exanpl e, a fi nelextendingrapeituteniand said elongatdd SIN extehamgrxiy Qhr&)%h did hperaxeral | y
be applied to the exterior of the socket pre-form efore

conpr essi on and wintdaiDresRiufl v Sifeve ikiim b Tasthgpesmgnmnce on the cured

socket . 5 A section of a finished definitive socket substantially
ready for use after renoval fromthe casting device 10 is
illustrated in Figure 8. The material in socket pre-form 36 has

hardened and, if resRaousAppapacsest tarmiag ta ddfinitiver prosihesis Gocied f6i arsidual
that provides a rigid definitive socket having an interior cavity that wll
precisely limbc compoising:e and fit the exterior contours of the residual
linb with which it will 10 be used. Further curing steps can be carried
out it necessary at baMmieorgategbousing having an outer wall, an open proximal end for
receiving a residual fimb distal end portion and a distal end having an end wall
5 including a distal opening;
an elastic annular pressure membrane extending longitudinally within the
housing outer wall to define an interior molding voiume within the membrane and
a fluid type pressurizing volume between the membrane and the housing outer
wall;
10 means for admitting and discharging a pressurizing fluid medium into and
from the pressurizing volume;
an elongate tension coupler member having a proximal wall extendable
longitudinally through the housing distal opening into the molding volume;
said tension coupler member including a reieasable gripper at its proximal
18 end engageable with a tension means associated with a residual limb extendable
into the molding volume from the proximal end of the housing; and

a locking means for seiectively locking the tension coupier member to the

housing against relative movement relative to the housing.

25. Apparatus according to claim 24, wherein said distal opening is
defined by an annuiar opening wall and said tension coupler member is extendabte

through said distal opening in close-fitting, sliding relationship.
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provi ded that such does not adversely affect the fit of the s
A prosthesis connector or joint structure will be attached tH “ﬂ“““l““\“\
Om s *

38 and the final outer contour of the socket finished

.provi de such typical suppart.and relief areas as are normally

provi ded on finitive Sock®iiS, SH ularly at mal end
w8 T SRR 3 ), bR

t her eof . Wth ref eir encepkp,
enbodi rent of a preferred c L r is illustrated. This
arrangenent perm t s28ccof\PRATRIUS Afcemding to claing 28, tipeiugdipg i suiaast| aneblociingt hs
within the casting device and facilitates engagenent ) and

di sengagement fement @ssqciated, withApidannulap gaening ¥rali saifhtensign coupler messbes hown
in Figures 9-12  a.tension connector 100 conprises an el ongate

cylindrical ne NG, oGl GOPRRIFHINED 14855 9Ty 1ta. RRERBETN 2Dd sHleng ftsi lanash fser e
103, a proxi.nﬁl‘ll end 104 and a distal end 106. As shown in Figures 10
and 11, the our&pctively cooperating. with saiddociing plamentht9 splectivelydpck the tessiomown
in Figurese.10 and .1 1 has a . . smooth cylindri.cal periphery except for

| ocki ng gr BovesoHRer F'@ﬁ?’?g’fﬁ@t 'Pﬂ%ﬁ“dﬁ'égg""’?éen”ﬁ'éﬁﬁe mﬁamul&sm@m@c wail

ot herwi se forned into the é}%ré'ifé)hferr?/ of .the tuybul ar nmenber 102 in

| ongi t udi nal | y “GI58 S88<EYR{ plaihe reasion. counier MEMBAE ATe nserted thrquahthe

24

each distal opening.

27. Apparatus according to claim 26, wherein said locking element is
supported for generally radial movement relative to the annular opening wall;

means for resiliently biasing and supporting the locking element in a focking
position for engaging said lock cooperating means when a tension coupler member

5 is inserted into the distal opening; and

means associated with the tension coupler member for selectively moving
the locking element out of its normal locking position against the bias of said
means for resiliently supporting the locking element in a locking position to permit
free sliding movement of the tension coupler member relative to the annular

opening wall,

28. Apparatus according to claim 24, including gripper release means for
moving said gripper to a tension means releasing position, said gripper releasing

means being associated with and carried by said tension coupler member.

29.  Apparatus according to claim 24, including a load sensor arranged to

measure loads reacted by the gripper in a fongitudinal direction.
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PCT/ US96/ 17777 det ent groove 109 Is flat, as sh mugm!m IMHI"'
The outer circunference of the q er

circunferentially spaced sets o Taﬁ%}iﬁ% 6§\ﬂ£g’ 109 as shown at 108
i's smooth agg, ¢ihdiber rupt ed | onfii tudi GED PRaUSSéEa  end
cap 1 10 of the casting device (that Is otherwmsSeé constructed 5 1in

accordance with Fi gue Zéﬁbﬁh‘g‘go L 3e8n ttohciﬁm{ %u\;,“%:ep,agg,u B4d %Qﬂgolpqs

cylindri cal sect havi ng nt er reads 1 14 arranged t

receive a tensig QQIQ %%@Ezﬁg and arrahg o%ng'gi’e’ £had %@hdﬁ‘i‘ Sigha d’fi’:ﬁﬂg use; an

I 1 lustrated, |nc es ex rea erating wt nternal

threads 1 14 of ,&gﬁ %@&op@ Qﬂéﬁ’zt neioh SSdtpfer RERbER

}
hel d assenbl ed t cap Fensi on connect oreﬁ ocki ng eV| ce

116 10 is secw@la Wg%ﬂggédapé&&epﬁm?%%&oﬁé éHéHWorQngé‘zf(n gg théljoggment s

can be Sl on connect or devi ce

116 withinghe gy gmcarﬂh a source &#Qlabﬂuc@?%ré\@gﬁa Jmﬁ R 184 indidatc? Uagpde@ BN QUE

t hat woul d be evident to a person n the art. Tension
connector | ocklﬁge,dgghﬁqoaylg,tbmlms | ocking teeth 120 projecting
radially inwardly as shown in Figures 9 and 11 for selective 15
engagenment with the detent grooves 109 in tubular nmenber 102. The tension
connector | ocking device 116 essentially conprises a thin annular flexible

t ube havi ng 15 CORleIHEYSE 18}ifg BabfinithR dockEfof SRsiduitlimborbhhedid)d and
supporting the teeth
comprising:

providing a tensioning means for tensioning the distal end area of a
residual fimb in the distal direction;
5 applying a moldable hardenabie socket material over the distal end
area of a residual limb;
peripherally compressing the socket material before it is hardened
against the suction sleeve and residual Jimb while applying tension to the
tensioning means in the distai direction;
10 causing hardening of the socket material to a hardened molded
condition while said compression and tension is maintained; and

removing the hardened socket material from the residuat limb.
32. The method as claimed in ciaim 31, including sensing the degree of
tension applied to the tensioning means and generating a signal indicative of such

tension.

33. The method as claimed in claim 31, including using a suction sieeve

between the distat end area of the residual limb and the socket material as part of
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120 whereby the teeth 120 can be sprung or deflected radially outwardl

formi ng the tension 20  connbcior | Oﬁ%%%&% BESY \exarn Y \ﬂﬂlﬂﬂlﬂ!lﬂ,\lﬂ
e

-connect or | ocking device could ed symthétit rtsih
such as nyl woul d provide inherent resili e%’)‘mESHh'lm )
accommodat |‘gg9)§@t9&£rd springi ng novenent of teeth 120 in nner to

be descri bed

From v Fi and 11, it be
o Gene " et e S8tsigning: mepsAnd usingchs & $REKELI=1ES) A BLIEr FRPRAGE greHoHT o
axis wll caus teet 1,20 t are in | ockin a nt with grooves
109 to be def | RYPEY? afd§3f°ﬁ°{} '&H%rﬁd!’!fl andhardenabp 10 a oad-bearing state!
25 WO 97/ 17917
PCT/ US96/ 17777 outer surface portions 108 of the nenber 102 are noved

i, T (S0 0oy oo B S RS B S4B
tubul ar menber 192 | sF'f&tr %\ﬂsh%gg?waéﬁrgaé:ag%h@@g@tp%i&ﬂ&&e&ag 4 ed e weB"S' O"

connect or Iocklng Gev

as the pre-formed slement.

35. The method as claimed in claim 34, including using a water

activatabie polyisocyanate prepolymer resin as the water activatable composition.

36. The method as ciaimed in ciaim 35, including using carbon fibers as

the reinforcement fibers in the braided web.

37. The method as claimed in claim 33, inciuding providing inner and
outer layers of smooth covering material on the inner and outer surfaces of the
pre-formed element before hardening the element and bonding the covering layers

to the element during compression and hardening of the socket material.

38. The method as claimed in claim 31, wherein the tensioning of the
tensioning means is carried out solely by using a reaction force generated by the

step of compressing the socket material.

39. The method as ciaimed in claim 37, including providing a resilient
pressure relief formation on the interior of the socket material at at feast one

location before comprassing and hardening the socket material.
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5 | ocking of the teeth 120 with any grooves 109 so | ong
not rotated. Slight rotation of the tubular nenber 133""! l #T",

grooves 109 with teeth 120, however, will permt teethr
radially inwardly into the cl osest avallable grooves 109 on the
exterior of tywBshpfegrenber 102 to thereby | ock the t ulbarasssmemer 102

agai nst further |ongitudinal novenent relative to the tension 10

connector |ocking devige Inébhedilfl dsifimédinGhiin %bolngfud&ﬁebr&‘@ﬁE Yaid pré%§€|rien9

devi ce. Since the grooves 109 are closely spaced together, fine

i ncrenent al  adj uglié®frmation betweem%.doﬁaért ESVeriRg lé\#ﬂ?lﬂnarthaﬁmé?%uﬂfgge betrpt i ve
to the end cap 110 is enabled sinply upon mani pul ati on of the

tubul ar nenber lébdketmatdrat.ati onal and | ongi t udi nal sense. The fl at
bottom configuration of the grooves tends to prevent inadvertent 15
rotation of the tubular nmenber 102 when | ocked. The | engt h of
t he tubul ar nmenber 102 is selected such that it can be noved W t hin
the casting device engi.Cap rbdidudiintb $60RE1 e BedordiRg 16 thOWRTHAa ot eshim 1Y
froma residual linmb within the casting device and an end fitting
associated with a silicone sleeve within the casting device, as wl|

be explained nore fully below 20 1In this enbodinment, the Iength of the

tubul ar housing 102 i42.selagwrbeetnssttket Materiblifor molding@sfinktiveProstResid dtkeest he
end cap 110 to engage a tension pin associated with a short est

residual |inb exfvecdsidial tmbs, dongrisihgy t h a nol ded socket whil e | eaving
sufficient length outside the end cap 1 10 to permt manipul ation of the
t ubul ar a web of reinforcement fibers configured as an elongated tube;
said web impregnated with a moidable, unhardened resin that is
5 hardanable to a load-bearing rigid state; and
a prosthesis coupier connected to one end of said tube and bondable

10 said resin.

43. A pre-form socket materiai as claimed in claim 42, said web

comprising a radially compliant tube made of bias braided carbon fibers.

44. A pre-form socket material as claimed in claim 42, said resin

comprising a synthetic resin activatable to its ‘hardened rigid state by water.

45. A pre-form socket material as claimed in claim 44, wherein said resin

is a polyisocyanate prepoilymer resin.
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menber. 25 The tension connector 100 al so includes a proximal end

fitting 122 fitted to the proxi mal end 104 of tubular nenber 102, the

end fitting including a concave,

26 .

PCT/ US96/ 1777 %o/ 9¢p%X1 7917 coni cal end surface 123 a | -

cavity 123'. A longitudinally extending central borenﬂgﬁgﬁﬁg%ﬁﬁrough
122 is

the end fitting 122, as shown in Figure 9. End fitting
secured by threads 126 to cylindrical force rod 124 that extends

| ongi tudinally within tubular menber 102 fgomthe proxi nal end area of the
t ubul ar 5 menber 102 towards the distal end thereof. The force rod 124
is connected at its distal end by fastener 130 to a |load cell 128 by
fastener 130. The | oad cell 128 may be the same type of nechanismis
described previously in connection with |l oad cell 84 illustrated in
Figure 4 or any other suitable load cell that will function in an
equi val ent manner. 10 Aqgrip mechani sm 132 is provided in the

central cavity of end fitting 122
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and is retained therein by a suitable biasing nmeans (not illustrated)

normal | y mai ntai ning the gripper 132 displaced to one side of the
| ongi tudi nal axis of the end fitting 122. The gripper 132 includes
internal teeth or detents arranged to engage external teeth or

detents provi ¥EAYBIVIE tensi on pin 186 such that the gripper _15 ermts
| ongi tudi nal novenent of the tension pin 166 towards the di s 87 the

t ubul ar nenber 102 but prevents return novenent of the pin until the

gripper is rel eased. This arrangenent of gripper and tension pin
corresponds with the arrangenment dggcri bed previously in connection
with the enbodi nent of the i nvention illustrated in Figure 2. 20
A gripper rel ease device 134 conprises er having a conica
nose end 136 arranged to engage a coni ghl s a of gripper 132.
Coni cal nose end 136 of release®134 can be noved axially towards and
away fromthe gri pper 132 such that, when the nose end 136 is
advanced towards the gri pper 132, it acts as a camsurface and the
coni cal surface 138 of gri pper, acts as 2 a foll ower surface so that
the gripper 132 is displaced tjiransversery or radi alTy;witF ! respect to
the I ongitudinal axis of the gnd fit}ing 122 when the[relqﬁ-e 134 is
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WD 97/ 17917

PCT/ US96/ 17777 advanced towards the gripper 132. Essentially, the
coni cal nose end 136 of rel ease 134 causes centering of the gripper
132, thereby releasing its teeth from the teeth of the tension pin
166. WO IR Tqgr i pper rel ease 134 is supported in slidin )
rel ationship within the inner 5 bore of the cylindrical fo'i’%%’&’d"’fm,
as illustrated in Figure 9. The gripper rel ease 134, however, is
secured by means of pin 140 extending thr h a | ongi tudi nal sl ot

142 in force rod 124 to a gripper release™@ctuator rod 144 that extends
longitudinally within the\ nner bore of tubular nenber 102 (see Figure 10).
The rod 144 i ncl ude n elomyate slot 146 extendi ng through the
proxi mal end of the 10 rodlfl44, whi t he remai nder of the exterior

surface of the rog 144 is i ndri cal in contour as shown in Figure
12. An enl arged h8ad 148 | rovi de the rod 144 to provide a
close fit within,the bores of t e phet~1 t as a
bearing surface ®dtween t head 14, Zg hg bore 103. R
conpressi on spri 0 on\Jjorce ro 24pi s etained by retainer ‘¢djisc 15

152, 154 and | o¢g
mai nt ai ni ng
the rod is |ocat§

dd:at: the proxi maNend of| t he .act/uator rod 144{8or{
he rPd 1}4 pcat ed hat % he enl arged .heafi 14 Bt
at thhe j ' . d
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di stal end 106 of tubular nmenber 102. The conpression spring 150 tends to
spread the discs 152 and 154 apart, but the disc 154 is | ocked agai nst

| ongi t udi nal novenent by an enl arged stop 156 provided on cylindrical
force rod 124._Thus spring 150 urges disc 152 and the proximal end of

20
rod 144 towar d¥OPHEM4T stal end of tubul ar menber 102. yngnygg 144. on
cg F&%si on

the ot her hand, is displaceabl e agai nst the force of the

spring 150 by noving the enlarged head 148 i nwardly along the I ength
and gri pper rel ease 134

of tubul ar nenber 102 so as to drive pin 1@&
ereby selectively effect 25

| ongitudinally towards the gripper 132 to
Upon return of

rel ease of the gripper 132 in the manner descri bed above.
rod 144 is urged towards

t he enl arged head 148 by, the spring 150,
the distal end of 28

WO 97/ 17917
PCT/ US96/ 17777 ~=aoul ar DY
fromthe gripper 27 to cHANA Q
posi tion eccent;égiof the |l ongit PR .xi§\\\

4\&\0}:\ 0 hol

d withdraws the gripper rel ease
| pper to return to its normnal

of end fitting 122. It
the discs 152,

i 11 be noted tR¥AYshe spring 150 QO AN
Wi # ;i: {.,('\ pring \.}7}:';\}.\ us
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154 apart longitudinally within tubular nenber

144 5 back towards its normal position at the distal end 106 of tubul ar
menber 102. Thus, release of gripper 132 can be acconplished
remotely by manual |y pressing the enl arged head 148 effectively as a

push-button. wo97/17917 The load cell 128 is rigidly connegtrageéerrhe
distal end of force rod 124 by

a suitable fastener 130, as
previ ously described. The | oad cel

128 is also 10 connected to a | oad
transmtting nmenber 1 60 through an adjustable fastener orthe

li ke
158. The load transnitting nmenber 160 is5f%Tocated within an enl arged portion
of the inner bore 103 of tubular nenber 102 and engages a suitable netallic

ring 162 or the equival ent retained in shoulder 164 of tubular
menber 102 at the end

of thie eplarged section of the bore 103
(Figures 9 and 12). Thus, load trgns

tting 15 nmenber 160 is prevented
from axi al novenent within the boq n&

e 1Q3 beyond the ring 162 in the
direction of the proximal end of tubul menber 102. It wll

;

t hus be seen that tension |oad geAeratgd during the casting process

as previously described and transﬁitted\through end cap 110 to the tension
connect or

lock 1 16 and its teeth|120 is\in turn transmitted through
tubul ar menber 20 102 to cause

| oad tra smtting nmenber 160 to nove with
t he tubul ar nenber 102 and i thK

102 to thereby drive the rod

nd cap 1 in a distal direction during
casting. The load tr

nsmtted thxough [oad transmtting nmenber
160 is transmtting to the lload cell 128t

Qropgh the adjustable
fastener 158 and this load is readted ~
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by the force rod 124 in tension. This tension force transmtted through
force rod 25 124 in turn is transmtted to the gripper 132 through the

end fitting 122 which engages the tension pin 1 66, as previously
descri bed. Thus, axial |oading between

29 WAOATHE 7917 $96/17777 )
PCT/ US96/ 17777 the end cap 110 and the residual linb MAt t he
casting device is transmtted through the | oad cell 128 mhlch, as
previously described, is electrically actuated so as to produce an
el ectrical output signal indicative of tlegrl oad. An appropriate | ead

or |leads 161 connected to an electrical connector 163 |located in the
enl ar ged 5 end 148 of gripper release rod 144 enabl es energi zati on of

the | oad cell 128 and t he avgll abi Ll f output signals indicative
of the | oad sensed by the | oag cel 1“ nnect or 163.
Further in accordance wth tHRs—€nb - 0 Bye@ion, tension pin
166 is provided with a threaded hea 0 A6 S vt ends t hr ough
prosthesis 10 coupler 170 Wh C lpl b ﬁﬁ 53 The threads of the head
end 168 of pin 166 o 4 A
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are received by the threaded socket 174 provided in the end fitting 173 of

silicon sleeve 176 that is in direct engagenent with a residual |inb
to be fitted with a prosthetic socket in accordance with the

i nvention. The head 168 of pin 166 effectively clanps the prosthesis
coupler 170 twadararl i cone sleeve 176 and its end 15 fitty MACI-To RN
thattension | oads applied through pin 166 will be transmtte 0 the
silicone sleeve 176 as well as the termnal end of the pre-form 36 during
har deni ng of the pre-formwhile it_js under conpression through the
pressure nmenbrane 118. 1t7Ai 11 be noted that the concave
conical end surface 123 of end fitting 122 enables the pin 166 to be
| ocated in the center of the end fitgfng to enable the pin 20 to extend

t hrough gri pper 132 when tension conngctor 100 is noved in the

direction of the proximal end of the gasting device. In
operation, the enbodi nent of the inveption in accordance wth Figures

9-12 operates in essentiall ynt he same\nanner as the enbodi nent described in
Figures 2-5. After the silicd8 donned over the
residual 25 |linb 40, the prg @]frosthesis
coupler 38 or 170 is rolled
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W0'97/ 17617 : \
PCT/ US96/ 17777 up over the silicone sleeve and pr !E@MJS 02-;4 Nw ,97

éngagenent with the sleeve and : its contained residual linmb. The
tension pin 44 or 166 is threaded into the end flttlng 42" or 173 so
that it extends in a distal direction within pressu 22 or
118. 6 The assenbl-ed tension connector 58 Jﬂ' imwmﬂg‘&anced
| ongi tudi nal |y t hrough the end cap 16 or 110 such¢that the
pi n extends through the gri pper associated with the tension connector
of all enbodinents. [30, acA¥f#RGe accordingd lelaime29: "WREkeiHE B4idOfoalli SEABAS is
9-12, a slight pre-tension nay be applled to the tension-pin 166 by
pul ling on the elactrically saergizedandaamrang mmmmhﬁmm@dma%d by
the gripper 132 sion,c t hen
sufficiently to@%‘#@%ﬁ %ﬁ%ﬁgrﬁg?% ﬂ%ﬁ%&g’gﬁem%e
teeth 120 Mﬁw&mﬁw%h&mmm&mwﬁf&%ﬁmm
| ongi tudi nal novenent relative to end cap 1 10. I n al I
enbodi ment s, apmtma@uwemfedmewmm iwithoatlpad ndicaton adapted to)
space 20 (Fi gur C ressurization of the pre-form 36 |n
t he mann W@SMWy and a resultant reaction |oad to be
applied in a distal A method of forming a definitive socket for a residual limb
pmsthws, comprising:
providing a tensioning means for tensioning the distal end area of
,:.} a -’ 11- linthe lolllo Ic ; . .
applying a moldable hardenable socket material over the distal ead
area of a residual limb;

peripherally compressing the socket material before it is hardened
against the distal end area of the residual limb while applying tension to the
carrying out tensioning of the distal end area by using a reaction
force generated during compression of the socket material; .
wusmghardenmgofthcsocketmatenalwahardmedmolded
. condition while said compression and tension is maintained and while the resndual
limb distal end area is elongated; and
removing the hardened socket material from the residual limb.

_ 32. The method as claimed in claim 31, including sensing the degree
of tension applied to the tensioning means and generating a signal indicative of
such tension, _

33. The method as claimed in claim 31, including using a suction
sleeve between the distal end area of the residual limb and the socket material as
part of '

)
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", dlrectlon to the tensi.on pin_ 132, Hardening of the ;?ﬁg_f/yr% lgséé% 777

proceeds to . conpletion, fol I ow ng which the ten KSQZ

"fromits -gripper and t linb with the m)de and hardened
socket are renoved frommuemn mﬂmlﬂmo end of the casting device. The
nol ded socket is renoved ffom tHWe Festdual |inb and final cutting,

shaping (trunpeting) and finishing operations are perfornmed t hereon

i n accordance h .known techni gues .. It is to unde sood
t hat preferredﬂ%mg‘(n éﬂ%ﬂﬁf‘&éﬁ?wwﬂwmﬂm@w RW
et bon | o lemest talhy 166 sc%pe of the cI al ms t o'ﬁ'tet he

I nvention is to be lIrmted only by the
31 ‘ further wherein thepre-fonn clemenstis connecﬁki%l\ﬁpmsthws eoupler at

f\ﬁﬁf‘rf‘ﬁﬁfuéiéfw%ﬁ bl i e wHSRE i Beoshlehoupier 1s ™
pmnanenﬁysecumdtoﬂxcsocketmatmalaﬁermoldmgandhaxdemng

- 34,  The method as claimed in claim 33, mcludmgnsmgabmdedweb
.of reinforcement fibers and a water activatable composition impregnated into the
web as the pre-form element,

35. The method as claimed in claim 34, mcludmgusmgawafer
acﬁvaublepolyxsocyanateptepolymetmnasthewatuacuvatablewmpomuon :

- 36. The method as claimed in claim 3%, including using carbon fibers
et as the reinforcement fibers in the braided web.

37. Themethodasclmmdmcla:m% including providing inner and
outerlaymofsmooﬂxeovemgmatemlonthemandoutersurfmmofme
pre-form element before hardening the element and bonding the covering layers
to the element during compression and hardening of the socket material.

38. The method as claimed in claim 31, wherein the tensioning of the
tensioning means is carried out solely by using a reaction force generated by the
step of compressing the socket material.

39. The method as claimed in claim 37, including providing a resilient

» pressure relief formation on the interior of the socket material at at least one
' location before compressing and hardening the socket material.

e
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tensi on appl yi ng neans for applying tension to the di5taljpy f
residual linb so as to effec'é”mt/”n ﬂﬂawe sof t IiSJ@&ﬂSf‘g(1 WV'97

residual linmb and cause its i on; a nol dabl e
definitive socket form ng mateti &l Gon I gur to enclose a distal end area
of aresidual linb, said form ng material being hardenabl e when subject to

an activating agent tQ a hardened state in which the form ng mat eri al

possesses | oad beari ﬁg st Afiet Wﬁ%ﬁbﬁmﬂzéﬂéﬂm $9y includirg (providinga saidi al
to f t f
(o Tunction, 25 Gl Al bRt B0l g 4 308 o il

conpr essi on neaof tHesocket matefisll enti al | y conpressing the socket form ng
material at said casting location, and neans for activati ng said

conpression neans; 41.  Acwesiduallimb socket made agcording o Ioflcl@mrﬁians

whil e said casting er| g?lgpl 1% §§f F% ! 8@? :!iap :ﬁg

sai d conpression nea ia%#f‘\#@ 8?8’5@{’% g’(?
appl yi ng nmeans m-rmﬁuﬁal &M%ESSI on neans and a tension transfer
el ement connecting the residual |1i di stal end area to the cogﬁres& on

nmeans, said conpression af{Wep ttﬁbe;end

AR A 8 ﬂvﬁ%@%ﬁqfét ﬁ%“%ﬁ%%”

ci rcunferenti al hardeiibles o ® loadFbeating rigid state; andesi dual |inb distal end area,
sai d conpressi on neans being substant lally unrest rai ned agai nst noti orl in a
direction away fromthe ré Icouplericannested i one cod ﬂg

/"\ .
circunferenti al %ﬂ@?‘%ﬁ‘s' on except by said tension transfer elenent, to
t hergby effect Pr ‘of conpression and di spl acenent notion away from

the residual distal 4%d apepré'forinngocket Mutédalesy ichimed inrdain 42, edidt webd
socket formng material to_tension
compﬁsingamdxaﬂycomphantmbemadeofbmbmdedwbonﬁbets
44. Apme—fonnsochetmaﬁenalascmmedmclaxmn said resin
comprising a synthetic resin activatable to its hardened rigid state by water.
45. A pre-form socket material as claimed in claim 44, wherein said
resin is a polyisocyanate prepolymer resin.
46. A pre-form socket material as claimed in claim 42, wherein said
pmsthwseouplermclndsacenuanylowedapumreexmdmgthmughthe
CT coupler.
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force in the residual linb distal end area during activation of the

conpr-essi on neans. 2. Apparatus as clainmed in claim1, wherein
sai d tension applying means conprises a suction elastonerlc residual |inb
sl eeve having a distal end and said tension tr I se N
means for distally tensioning the sle§¥§ dISt ng; g? ziatué
as clainmed in claiml, wherein said tensSion applylng nean ange
tension a residual linb distal area |ocatable w thin said nol dabl e

definitive socket material after said socket materiat- has—been aryranged so

as to envelop such residual linb distal area. ressurlzed
casting device conprising, in conbination: Hl"aﬂ ”E
residual |i mMCIAXS et having resilient and el asti c ri ate

for elastically envel oping and closely conformng with a d| sta portlon of

o eaLoual L 1 AR Rr i s RN FERRSIE Gl o o

of the residual pressure nenbra

arranged to agsidaakimbahatimstodessort Riseas whdzedistalend a&aexj‘ompmf'n@or
novenent radially inwardly towards a closed pressure casting position, the

interior of said ﬁeaﬂpar@péwns eRNs:for GRetvinaiteRsiey tathe distatentatacar

ﬁgﬁg : 28 ext enéla reﬁ'%%%'l 't‘“d%.sr?af’? (Tf(f)%cgtwaerll\(j efeor]ncqaégitrf]\g?ﬁ‘hhftetigﬁ eerdl?ogrd%,f dt he
pressure nenbesidaal fidnd dralicavse itstdéametrs(mideda@ﬂﬁmmne exterior defining an
alrtight chambers asgb%a%?eugég?r%n{/g gog!gétr)f rr%u{ger%atenai configured to enclose
a distal end area of a residual limb, said forming material being
hardenable when subject to an activating agent to a hardened state in
which the forming material possesses load bearing structural properties
enabling the forming material to function as a definitive prosthesis
socket;
retaining means for retaining the socket forming material at a
casting location;
compression means for circumferentially compressing the socket
forming material at said casting location, and means for activating said
compression means;
means for activating said tension applying means while said
casting material is located at said casting location and while said
compression means is activated;
said retaining and tension applying means comprising said
compression means and a tension transfer element connecting the
residual limb distal end area to the compression means, said compression
applying means being supported by the distal end area of the residual
limb at said casting location and arranged to be displaced away from the

residual limb distal end area during circumferential compression of the
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linb receiving open end; a tension connector supported on the
housi ng for engaging the tension transfer elenent so as to prevent

| ongi tudi*nal novenment of the tension transfer el emeﬂ' ' Qo t he
housing at least in a direction extending towards s Mmﬁ"ﬂ%’ﬂwg
receiving end of said housing when the ygsidual |inb*sleeve s asoci at ed
tension transfer elenent are disposed wthin the nenbrane in a casting

posi tion; residygl limb slistabendrarde: sald comaression weans being suhstantialbai d

i rection 11 oengane dgndsy GBI SRREHHR PRV ERSeRRES e (e

tensi on connefistal el &ireaidurimigdsdid difbimhferémtialidorapression Bxeeptaby isali
position and said tension transfer elenent is in a position so as to be

connect ed t o t8asigNERRsTBnelesinte t@ thereby eﬁ%fe‘i’éﬁ‘#eéé’ﬂtd’mﬁﬁiﬁné%nt i s
an el ongate pjidy, 2t %ﬁﬁﬁﬁ'%ﬁoﬁﬂﬁﬂﬁé feSifal S(ﬁ?tla@ dHd RP&d cﬂfrfrﬁ‘ged to

normal |y rel easably engage e pth 1n a nmanner ena ng substanti a

unr estri ct ed cincenvieyentiat coenpressionhef the soeket forening mhbterial itpptension a
direction extendin way fromthe residual, |inb receiving end of the

HouS: n. whon (OTKE AR SPSIH A G SjSrel STich 108 89RG HINAN OF 1P ¢ o

ot herw se | oglgridresiion Aeahest |ongitudinal novement relative to the

housi ng; and a gripper release device that rel eases the gripper from
t he pin. A pressurized casing device as clainmed in claim4,

5.
i ncluding a tensi forgce sepsin evice that .cogperates W th the. tension
transfer el enent %d smapbsnégoa‘afrﬂ?gemaﬁ{ﬁ’meg' Wg???é"t% i BISI9hnst er
el ement to tRpplARg MBake THMRPMNes a suction elastomeric residual limb sleeve _
- 35- 6. A pressurized casing device as clainmed in claimd4, wherein
sai d t ensi on hayingatdistal endlanthsaid teosiosctransfes eleraerhdomprispe means ng

for distally tensioning the sleeve distal end.

3. Apparatus as claimed in claim 1, wherein said tension
applying means is arranged to tension a residual limb distal area locatable
within said moldable definitive socket material after said socket material

has been arranged so as to envelop such residual limb distal area.

4." A pressurized casting device comprising, in combination:

a compliant elastomer residual limb sleeve having resilient and
elastic properties appropriate for elastically enveloping and closely
conforming with a distal portion of a residual {imb;

a tension transfer element connected to a distal end of the residuat
limb sleeve;

an elastic annular pressure membrane arranged to at least be
selectively pressurized from its exterior for movement radially inwardly
towards a closed pressure casting position, the interior of said membrane

defining a longitudinally extending annular opening;
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for longitudinal novenent relative thereto and includés™a Tongitudinal

nmotion stop for positively limiting |ongitudinal nsi on
connector relative to the housing in a direction t mltlmmgglmﬁal i nb
receiving end of the housing when said residual Ii eeverans sal d

tensi on connector are in a casting positjon. 7. A pressurized

casting device as clainmed in claim 4, W ei n sai d gripper is carried by a

tensi on connect or sdgRibhbusingtextendingoionhgitudirdlly slbndadrid/enclosirj etk to t he
housi ng at the end of the housing og osed to the resigual l.inb receiving

end, said tefXterioCBhHWR PEASSHIR FRTO@ENE. Abe oW Ndinigrieband daembrane at i ve
| ongi t udi nal b Gl ' hitjeg! | @i L ek &t At hat
limts | ongi t%?ﬁ%?am@ﬁ]}% %fo}ﬁg%gﬂ?enm b%é@om%ﬁg\r{ﬁgggg‘ rtérFFE‘é gtali ve to
t he housi ng dimb eesgiving apeh eadf i on extending towards the residual Iinb

recei ving end of the housi essur,ized castin evi ce as

ng. 8. A pr
claimed in ol ai m A GHREYEPRECGar FURPOLiEE PRANGIPEEING 13r €AGREEE T8 co
transmtted tﬁénéiBﬁ &&g@rbpaxérﬁ@:ﬂs;&as %bgfzsoéntouhnbhﬁdm%mrﬁenﬁsmr% and
I ndi c orce. 9. Ap

generates a signa ative of such ressuri zed
casti ng devi aensisnciransfed elementirefaive thethei hogsing atelessbin odicectiomsi ng

e S oS80 et SR BRRDIeE SRR ofsad housidwndh
the residual limb sleeve and associated tension transfer element are
disposed within the rﬁembrane in a casting position;

said annular membrane arranged to receive therein said residual
limb sleeve with a contained residual limb extending in a direction from
the residual limb receiving end of the housing towards the tension
connector whereat said residual limb sleeve is in a casting position and
said tension transfer element is in a position so as to be connected to
said tension connector;

wherein said tension element is an elongate pin and said tension
connector comprises a gripper arranged to normally releasably engage the
pin in @ manner enabling substantially unrestricted one-way movement
of the pin relative to the gripper in a direction extending away from the
residual limb receiving end of the housing when the residual limb sleeve
is in a casting position, and to otherwise lock the pin against longitudinal
movement relative to the housing; and '

a gripper release device that releases the gripper from the pin.

5. A pressurized casing device as claimed in claim 4, including
a tension force sensing device that cooperates with the tension transfer
element and senses tension force applied by the tension transfer element

to the tension connector.
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- 36- a conpliant el astoner residual |linb sleeve having resilient and
el astic properties appropriate for elastically envelopi ng and closely

conformng with a distal portion of a residual |inp Welg|
transfer el enment connected to a distal end of theT"H"}iMlﬂllﬂlMlgmeve;
an el astic annul ar pressure nenbrane armngnged to at+least. ively
pressurized fromits exterior for novenént radially inwardly towards a

cl osed pressure c#&sti ngh poessurieed cabingi device as aidimesd i ¢leimb daneherein ni ng a
I i tudinal |y, ext endi I I nQg; igid, h ' t endi

| ongi t udi nal Y TesIO AnBREtasds sidahly Qimmacted 18 oneend ELEe UG ane,
the housing ifgf EsridifudiRgl ﬁ%@’égﬁég\? RIdth/e Hertfd 'a'ﬂUnElcﬂfHe%hé tlbﬁ&iftuéigﬁ{mer :

sai d housing including a resi 1 mb receivi n? open end; ensi on
connect or suppetiertam fermpositivelyrigitiog lengiydingl maveneent ofither temsian

el ement so as_to event. | gnat t udi nal noy . of the. .tension transfer

el enment rel at(ﬁo\?é'eg rtrﬁ%.ttiry&&g?tha sf'@ag‘[a 5%@?‘8‘??%%’??%%5&ﬁe§h‘fdfﬁ@"f°ow ds
sai d resi dualreééiting AQI0f 1Hk ROdsiAh WhkH $HYTebiuah#imb BRevesanydkid i nb
sl eeve and associated tension transfer element are disposed within the

nmenbrane in 4eRHUENIGARNSEERT AEniN a casting HOFitidthul ar menbrane arranged to
receive therein said residual |inb sleeve with a contained residual Iinb
extending in a direction fromthe residual |inb receiving end of the

housi ng towards tie temspassafidedcastingievicetassclaimed i clamh 4, vidiereireeve i s
in a casting position and said tension transfer elenent is in a position so
as to be confekt e@fiRRETsdf dcawipd By canfersien; connecty] HUPPOResthatsicket

pre-form ada%@@tﬁ?ﬁalﬁ?@Ldag}é\f ggmtl&:tgg\éﬁltﬁl@ #%uging;teﬁ'thﬁ%‘?\d%rthh%ugg}iai d

residual |inb sTeeve w resi eve containing a t al
portion of aoppssddalo thetresiduat dimb seicdivine-drat,nsaid tension connector

"37 - support and housing being coupled for relative longitudinal sliding motion
and by a longitudinal movement limiter that limits longitudinal movement
of the tension connector support relative to the housing at least in a
direction extending towards the residual limb receiving end of the

housing.

8. A pressurized casting device as claimed in claim 7, including
a force sensing device that senses force transmitted by the tension
transfer element of the tension connector and generates a signal

indicative of such force.
9. A pressurized casting device as claimed in claim 8, wherein
said tension force sensing device is mounted on said tension connector

support.

10. A pressurized casting device comprising, in combination:
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Is configured to fit between said residual |inb sl|leeve-and—sai-d- pressure

menbrane within said housing; sai d socket pre risin
pre-forned sl eeve nenber conprising a reinforced h Hiﬁﬂ ﬁ that
i.s mpl dabl e before hardening about the distal end p ual

linmb covered by a residual linb sleeyvgg_said socket pre- forn1|nclud|ng at
its distal end a prosthesis coupler, said coupler permanently connected to
t he hardenabl e conpwmoliamt elastemeeesiguahimbosleand haghgdiesdieat and

| ongi t udi nal e i tioned s to [ 't sai d el gngate tension
ransier or cfHRe, BrepdiERG PREGERION ARSHEEhe TREQPM Ad) HoSS ol di ng
position. conformxﬂlé with &8ss oot dfas tedidualdimmbe as clained in claim
10, wherein said conpound is activatable froma nol dabl e to a hardened

state by water. atensiontpansfer glement copaeacieskioiadistal endofabe cesiduald in

cl aim 10, V\hﬁ‘[@f&?g %d socket pre-formconprises inner and outer surface
| ayers fornme K¥ic that formrel atively snooth inner and outer

surfaces of said gack@sti®rghriuampréssure mambesss arrdriiRd e@ruil le€t be

13. A pressurijzed casting device as claimed in claim 1 1, including as a
r ei nf or cenenseleGHvelyr prgsavtized ?ﬁ"&Héseﬁﬁf'@éﬂfoﬁ‘oﬂ’ieﬁ@mrFﬁﬁ’@"Vdﬂ“@ﬁd’vaer ein

oy o oo o BN UYEARE EBIABLARD. S0P i Rio e
- 38- 1def1mmyaSlmg:tmﬁdalbﬁekterghm@anoelammdrﬁrngred in claim13, wherein
a rigid housing extending long?tudinally along and enclosing the
exterior of the pressure membrane, the housing interior and membrane
exterior defining an airtight chamber, said housing including a residual
limb receiving open end;
a tension connector supported on the housing for engaging the
tension transfer element so as to prevent longitudinal movement of the
tension transfer element relative to the housing at least in a direction
extending towards said residual limb receiving end of said housing when
the residual limb sleeve and associated tension transfer element are
disposed within the membrane in a-casting position;
said annular membrane arranged to receive therein said residual
limb sleeve with a contained residual limb extending in a direction from
the residual fimb receiving end of the housing towards the tension
connector whereat said residual limb sleeve is in a casting position and
said tension transfer element is in a position so as to be connected to
said tension connector;
a prosthesis soc!_<et pre-form adapted and configured to envelop a
distal end portion of said residual limb sleeve with said residual limb

sleeve containing a distal portion of a residual limb, wherein said pre-form

) aemacemr—:g_h?ﬁ?_ﬁ
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said strands of said web.are bias braided in a pattern that causes the
tubul ar web to contract radially when it is distended |ongitudinally.

15. A pressurized casting device as clained in clai ' '
socket pre-form conprises inner and outer surface Iamum”m1muuummﬂooth
fabric. 16. A pressurized ca??t.,i_ng device as tldinmdd Mn &Elatm 14,

i ncluding a |ongitudinal notion preventer that prevents |ongitudinal notion

of the prost hegbafigardd & fitBdtivaen Saif Alsidisl [PAb hRveosiPEalrpres8i®
relative to the housing in a direction towards the residual |inb receiving
end of the héoemhrarwhwithimsaisbbausingre-formis in a casting position.

Lensi on transf er  SPERSRERFR P 1affarGum B 2 rStd el Sises hiug or
conprises a gommiingld ffigRicé® handaiblé onMpdund thatmisnmelddbiébesombl es its
one-way novenent relative to the gripper_in a directiogn extendi ngyaway from

the residual ﬁarwinsc@qntﬁgeéﬁat_aéﬁnﬂh@om@mehg fﬁﬁwai ﬁ@%F@W@di 3Yian a
casting post bLaRuaPliip! QeQbACiilSodkdt hrk Brh! McRAMYSH tLBRAUENAY
movenment relative to the housing; sard grirpperarranged to normal ly

rel easabl y epgesthesideouplerybaid colpleppermanentiptednéctetiite tiye hadenable
said gripper being carried by a tension connector support that is connected

d ] C
to the housi f9ROUNKLakiagyhardaning Hrrechgnd peivding 8 lengitudisplRpg tyienn
receiving en | L A ' . housi bgi | ed by
L  ongi ¢ i nepsfitried 86548 GHURTC SRlq BRBRe (BACIoRCHahRRr BORRAAP! BF
connect or suppterid tldrethroaghovhbe the ysesfgrmtis lie @asmolding position.
REPLACENMENT SHEET

11. A pressurized casting device as claimed in claim 10, wherein
said compound is activatable from a moldable to a hardened state by

water.

12. Apressurized casting device as claimed in claim 10, wherein
said socket pre-form comprises inner and outer surface layers formed of
fabric that form relatively smooth inner and outer surfaces of said socket

pre-form’in its hardened molded condition.

13. A pressurized casting device as claimed in claim 11,
including as a reinforcement tubular braided strands of carbon fiber
material and wherein said compound is a polyisocyanate prepolymer resin
that is both rendered moldable and activated to its hardened state by
water.
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-39- direction extending towards the residual |inb.receiving end of the
housi ng. 18. A pressurized casting device conprising, in

conbi nat i-on; a conpliant el astoner residual lelmmﬁﬂm mmnl P
resilient and elastic properties appropriate for el j m ng and
closely conforning with a distal portiggof a residual Iinb; " * ‘a
tension transfer elenent connected to a distal end of the residual linb

sl eeve; an efastig rized RaSERY devite oo inalgleth 8 owBbrdigast be
selectively pressurized fromits exterior for novenent radially inwardly

towards a cl oaid strands ebsaidswehprgdaias itsaidednid 7 atterp that cayses ABebr ane
Al o . . ¥ IR o o &
ext endi ng | orHidt e odit S eBRIR KGRt RPERtANHeg longityBiddf. © 12,5, 00

menbr ane, the housing interior and nenbrane exterior defining an airtight
chanber, said housing including a residual, |linb recejving QP n end; a

tensi on connector §8ppofPERSSHHRZEH apting ARYiceAs GRIMed inglaime! 3anbemin
transfer ele 0 . | ' leON
transfer el e%@ sragrgf?f/egm?gﬁ\f[ﬁ@bﬁ%g%?{rﬁ;? gjltnlaIa(;euatg]tD glaﬁsgg II reer%? :cai)rﬁng@?{f endi ng
t owar ds sai d smeottufdbric.nb recei ving end of sai d housi ng when the resi dual
linmb sl eeve and associ ated tension transfer el enent are di sposed within the

menbrane in a casting position; sai d annul ar nmenbrane arranged to

receive therein sajg, regi ?F@suhké@ SARRGE dividk as UiALIn BBVl | | b
extending in a direction fromthe residual |inb receiving end of the
housi ng t owaridsluding tardengitudioahaootion wreveatersthat peavaiusl longitudiiateve i s

in a casting positiqn and said tension elenent is in osi;ition so as to be
connect ed to rgugﬁan gﬁg? BFP%ﬁﬁﬂé gpgp!er and the distal énd of thesocket pre-form
relative to the housing in a direction towards the residual limb receiving

end of the housing when the socket pre-form is in a casting position.

17. Apressurized casting device as claimed in claim 16, wherein
said tension transfer element is an elongate pin and said tension
connector comprises a gripper arranged to engage the pin in a manner
that enables its one-way movement relative to the gripper in a direction
extending away from the residual limb receiving end of the housing when
the sleeve is in a casting position, and to otherwise lock the pin against
longitudinal movement relative to the housing;

said gripper arranged to normally releasably engage the pin when
the pin is coupled to the gripper;

said gripper being carried by a tension connector support that is
connected to the housing at the end of the housing opposed to the
residual limb receiving end, said tension connector support and housing
being coupled by a longitudinal movement fimiter that limits longitudinal

movement of the connector support relative to the housing at least in a
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- 40- a socket pre-formfor envel oping a residual™1inb extending. in

the housing fromthe residual linb receiving end the | casting
position; said pre-formincluding a prosthesi s!ﬂﬂmmmm mvabl y
attached of the distal end of the socket pre-form and* ¢

preventing device that prevents notion aRgthe prosthesis coupler rel ative

to the housing at least in a direction extending towards the residual |inb
recei vi ng endﬂfﬁc'fmeemﬁmlm toveardshthey residypinlian rgeeving snd &fupher are
in a casting ’ﬁ’q%:i’iégon' 19. A pressurized casting device as
clainmed in clai , Wherein said pre-formconprises a pre-fornmed tubul ar

sl eeve nenber including a reinforcenent web inpregnated with a nol dabl e and

har denabl e socket material, sajd sleeve nenber being dinmensioned to envel op
in close conform NPr elAProssisized Lastingdevies COMNSng.dB\GOBBINEHPAI ng a

residual linmb in Iy I 0N ' [ (=Y ed and
har dened form ng %gﬁﬁfé‘?m z%?%ﬁ}rrggi.r&%@%&%ﬁ%ﬁb@%‘bﬁe&%%&%&f and
bei ng per manastadtic propertiesd apprapriate pfars elesticallg cemplaeloping and clodely A
pressuri zed cast.i ng, device conprising, In conbipation: a conpliant

el ast omer resqcﬁﬁﬁT‘g!“ig_rr‘ﬁ’"g‘l%Qiﬁggﬁ“&%tﬁg‘? ajrest H?PEW ‘el astic properties
appropriate for el h%'%ﬁﬁn;é’n@f@Y@ie%d}Q:oﬂ?ﬁc’Eéd)&%%ﬁis%‘! i &% th@ r¥bidlhap di stal
portion of a residual |Inb; a tension transfer elenent connected to a

di stal end oflimhsleese}; dual |inb sl eeve; an el astic annul ar pressure
menbrane arranged to Its exterior

for rmovenent radi &N Fgﬁtsﬁi&ggélt‘?)g?&ﬁ#éﬁt";’\‘/\%}‘&gégﬁr&’ﬁﬁe‘g tfegt%tn]er?ét&f’si tion

t Bgn.: 2; o L or selectietly PREYILAREd 4R rh s ExtarioP 8t hitlehehtyradidigmigtaRnnul ar
towards a closed pressure casting position, the interior of said membrane
defining a longitudinally extending annular opening;

a rigid housing extending longitudinally along and enclosing the
exterior of the pressure membrane, the housing interior and membrane
exterior defining an airtight chamber, said housing including a residual
limb receiving open end;

a tension connector supported on the housing for engaging the
tension transfer element so as to prevent longitudinal movement of the
tension transfer element relative to the housing at least in a direction
extending towards said residual limb receiving end of said housing when
the residual limb sleeve and associated tension transfer element are
disposed within the membrane in a casting position;

said annutar membrane arranged to receive therein said residual
{imb sleeve with a contained residual limb extending in a direction from
the residual limb receiving end of the housing towards the tension
connector whereat said residual limb sleeve is in a casting position and
said tension element is in a position so as to be connected to said tension

connector,;
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rigid housing extending |ongitudinally along and encl Lor of
t he pressure nenbrane, the housing interior and rrerrbrgmt}ﬂg 'I ugﬂjﬁg!ﬂm ng
an airtight chanber, said housing including a residual=li open

end; a tension connector supporigg- on the housing for engaging the
tension transfer el enent so as to prevent |ongitudinal noverment of the
tension transfer eR&Sket pet-fanmy éor envelepinguairesjdusl linnhuixtendiagdnrtbet i on

extending to LA Lesi |4l ecel yi nd. af. I.d..nousi when t he
residual i r%ﬁ éggggg}%ﬁéﬁgg‘%@y%{t@g@f@%ﬁgﬁ eﬁ%&ﬁg?eeo& 'Q%mﬂpgfroéﬂg?@posed
with the nmenbrane saida peegbrmgindsdingoR; prosthesiai cbupléiu! n-FEABYANG
arranged to receive therein said residual |inb sleeve with a contai ned

resi dual | i mba¥achediohghe digtabiend efitba socket pre-fewa;i andl |inb receiving end

Slceve s in 8 castriondbEra BRRng ALY Rkl Bre RIS TRNST of s Bidiifioss [T
position so asoumlebeelativets tikel hoasihg st leassinoa divestioAteXtending towarggcket

pre-formfor envel oping. a residual |inb extending into the housing fromthe
residual i nbﬁweeeeﬁ'%qg'rﬁhde?wymenﬁ rPfat'@a§9Pﬁ§ng§Pﬂi%‘ﬁ; pre-form gadq

pre-formi nC'b‘l‘ys'ﬂgeﬁs %ﬂﬁié?%?%:sln%oé'ﬂtg{g Bagﬁibgfmvabl y attached to the

di stal end of the socket pre-tform an notion limting device that
limts notion of the prothesis coupler relative to the housing at |least in

a direction extendj’ég ggwards Ihg residual . linb receiving end of the -
housi ng when the pl®:forRreirirized copting deyvisgassiaimed inelain 18 whgreisi ti on.

ot on |1 m 1o e Tah At Ep RS Ribuldt Sed{direfhodt IRERIhER S ¢ e
coupl er agai rretnfoseementivedl immregoatedewithi a sdidatlib @ndeharidenablensuakienr .
material, said sleeve member being dimensioned to envelop in close
conforming relationship said residual limb sleeve containing a residual
limb in a casting position; said casting material when molded and
hardened forming a structurally rigid load-bearing prosthesis socket and

being permanently connected to said prosthesis coupler.

20. A pressurized casting device comprising, in combination:

a compliant elastomer residual limb sleeve having resilient and
elastic properties appropriate for elastically enveloping and closely
conforming with a distal portion of a residual limb;

a tension transfer element connected to a distal end of the residual
limb sleeve;

an elastic annular pressure membrane arranged to at least be
selectively pressurized from its exterior for movement radially inwardly
towards a closed pressure casting position, the interior of said membrane

defining a longitudinally extending annular opening;
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nga?ﬂgfuigfgr formng a definitive prothesis socket amm{rmm,mtﬂiiuuﬂ mb,
. *

conpri si ng: an el ongat e housi ng having an outer wa
proximal end for receiving a residual Ligh distal end portion and a distal
end having an end wall including a distal opening; an elastic

annul ar pressur e nergidheusitgextenging tangditidinally alokg and enclodiogthag out er
wal | to define an interior nolding yolunme . wthin the nenbrane and a fluid
type pressuri %’f’i’?ﬁ'o(/(ﬂtfte}hﬁ pd_@f%@ﬁ“gmg”%?rb%@%\ﬂgt'ﬂ_ WO FYNGeRR B Cal | ;

a fluid flow goratiopldefiffiig BA dlfRfhticharRbEC (sake hvusiig fhcﬂf&in?'asﬁéﬁdt% a
pressurizing fluid nediuminto and fromthe pressurizing volune; an
el ongat e t ensli®h reselying openiend; havi ng a proxi mal end extendabl e

| ongi tudi nal 'y throygh..the housing_di | .openi lnto the I ng, vol une;
sai d tension coupl %#g%%e‘foq'}?@ltﬂlgﬂggé&?%Ioghg‘ieg?'guahgpt%rerg%q%gqB?oxi mal
end engageabl gnéightrankfRirEloment ORI todpvehtigthitidiRalomboeim@mtlofltheb
extendabl e into the nol ding volune fromthe proximal end of the housing;

and a |ension traesfercelement Jelasivei tethe hegising gt leastidnonh diregtipar
menber 1o the, RANAIHP RTINS aid AlsHidba SntPYiBthg RS 348 hBubihg WRYR! N9-
the residual limb sleeve and associated tension transfer element are
disposed with the membrane in a casting position;
said annular membrane arranged to receive therein said residual
limb sleeve with a contained residual limb extending in a direction from
the residual limb receiving end of the housing towards the tension
connector whereat said residual limb sleeve is in a casting position and
said tension transfer element is in a position so as to be connected to
said tension connector;
a socket pre-form for enveloping a residual limb extending into the
housing from the residual limb receiving end thereof in a casting position;
said pre-form including a prosthesis coupler non-removably
attached to the distal end of the socket pre-form; and
a motion limiting device that limits motion of the prothesis coupler
relative to the housing at least in a direction extending towards the
residual limb receiving end of the housing when the pre-form and

prosthesis coupler are in a casting position.

21. Apressurized casting device as claimed in claim 20, wherein
said motion limiting device includes a securing device that fixedly secures

the coupler against longitudinal motion relative to the tension connector.
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23. Apparatus according to claim 27, wherein said distal -opening is
defined by an annular wall opening and said tension co | er

ext endabl & t hrough said di stal opening in close-fi tti “l‘mﬂg [u“m
rel ationship. 24. Apparatus according to cla i d
| ocki ng device includes at |east one F42ki ng el enent assom ated wth said

annul ar wal |l openi 2%rand a .l ock coo&t—;ratl ng device on the periphery of the
-43- tension coupl mévaRgratusdfagl ging & defigitivef protbesie csdckelt yfor a

cooperating V\négdagf lﬂ[‘bogéw’?ﬁm!ﬁmm to selectively lock the tension
S

coupl er rrenber agarl n novenent relative to the annul ar

openi ng wal | when salw@ﬁgmeﬂoﬁﬁmﬁﬁghh%u&&*\&bﬂ%ﬁﬁw BroXiRIAPERd 86C
i nserted through the distal gpenin Appar at us according to
cl ai m 24, mhef%%"%‘ﬂﬂijs&%' H@‘M@%ﬁ#ﬂdm&fggp@ma&dwt&irﬂ@mm ap enddi al

novenent rel aWéﬂeintcﬂ:Jn aaﬁ'igfgl pﬁgﬁﬂéf openi ng; a bi asing device

resiliently biasing an supportl e locking elenent in a | ocking

position for engagiangelastic dmﬂhmﬁwlrﬁammm ashendingt RMYIRAIFANP! er
menber is |nsertedéh?bo the di stal opening a rel ease device

associ ated wi YthiR RYSHG QgpMeall tﬁ’é?ﬂf&e @’h%ﬂteﬂ@f modidipg &volymeavishin vel y
e 1 S I RloAiBEhe O4id O 48 Apbdhies8HAAG PARIrNE OB PRl el N°

bi as of said biasing device and to ree s I'ng Tovehe
t ensi on coupl sremipranerand the hmasihgtodilermul ar opening wal | .
a fluid flow control that is used to selectively admit and discharge
a pressurizing fluid medium into and from the pressurizing volume;
an elongate tension coupler member having a proximal end
extendable longitudinally through the housing distal opening into the
molding volume;
said tension coupler member including a releasable gripper at its
proximal end engageable with a tension element associated with a
residual limb extendable into the molding volume from the proximal end
of the housing; and
a locking device that selectively locks the tension coupler member

to the housing against relative movement relative to the housing.

23. Apparatus according to claim 27, wherein said distal
opening is defined by an annular wall opening and said tension coupler
member is extendable through said distal opening in close-fitting, sliding
relationship.

24. Apparatus according to claim 23, wherein said locking
device includes at least one locking element associated with said annular

wall opening and a lock cooperating device on the periphery of the
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26. Apparatus according to claim22, including a gripper rel ease devi-ce

that noves said gripper to a tension el enent rel easi 1 tion, i
gri pper rel easing device being associated with and c%Mﬂ 3 ’i ﬂ! H hsi on
coupl er nenber. 27. Apparatus according to cl h g a

| oad sensor arranged to neasure |oads r-d3cted by the gripper in a

| ongi tudi nal direction. 28. Apparatus according to claim 27.

wherei n sai d tessiprseaypler nersbecand alorgite lengthAed selegtizelvacepperatingener at e
%E:DE,%\?:E(I\)/E}\FI?'MS al(li locking element to selectively lock the tension coupjglr meam)qrn g use:

an el ectri cal agginsengitudiial hfiepirerittreththve®l the sriumdrpeni®g eIl whkact ri cal
| eads connecting the electrical connection with the |oad sensor for

connecting t heelpetive lengihs ofithertensinsueeupler maraberarednsertedthypughdhei th a

| oad i ndi cat og; o receive said | oad output signal. 29. A
nmet hod of for%s?]égaoz}eg]?r&'t heti c socket device for a residual |inb,

conpri si ng: providing a tension |oad transmtting arrangenent that

is capable of trangmtting a tension force to the distal end area of the
residual linb 25. Apparatus according to claim 24, wherein said locking

q
a

element is supported for generally radial movement relative to the annular
wall opening;

a biasing device resilie;uly biasing and supporting the Ioéking
element in a locking position for engaging said lock cooperating means
when a tension coupler member is inserted into the distal opening; and

a release device associated with the tension coupler member that
is useable to selectively move the locking element out of its normal
locking position against the bias of said biasing device and to permit free
sliding movement of the tension coupler member relative tot he annular

opening wall.

26. Apparatus according to claim 22, including a gripper release
device that moves said gripper to a tension element releasing position,
said gripper releasing device being associated with and carried by said

tension coupler member.

27. Apparatus according to claim 22, including a load sensor
arranged to measure loads reacted by the gripper in a longitudinal
direction.

28. Apparatus according to claim 27, wherein said load sensor

is electrically energized and arranged to generate a load output signal

REPLACEMENT SHEET

0 3 MAR 1999




in a distal direction; appl yi ng a nol dabl e hardenabl e socket materi al
over the distal end area of the residual |inb; peri pherally

conpressing the socket material before it is hardened ' Emﬂl al
end area of the residual |inb while applying tension memm Imad
transmtting nmenber in the distal direeten to elongaté the di $talf afea;

carrying out tensioning of the tension load transmtting nmenber using a
reaction forc8UfBAekate@ndglactdcalneosnesior eairiedi by sajdptensiomcapder

causi ng har denpi s ' tg a ed nol ded condj.tion

whil e said co?rmpér}ggé){'o%ggtﬁ%gf ge%sdlsg%& ﬁécg!{'lgnﬁlfl ﬁ@%@‘% %ﬂqeé’qﬁﬂewlltgshfual

linb distal elshdasemsorsforl corgmictig thiedload sensozWithng sofcd af ardcapcket
material fromthe residua 30. The nethod as clained in claim

li nb.
29, incl udi ng©8eYe ﬁ@dtwgko%d?% ipgicatarsadapteepto eereive spid laadk putpuly nmeans
and generat i ngggé gi gnal indicative of such tension.
REPLACEMVENT SH '? -45- 31.
The nethod as claimed in claim?29, including using a suction sleeve

bet ween t he di st al snd rea of thﬁ({resi,dual Iin&@a,nd the socket materi al
as part of the ten&Poni %g RY ghdoring, 3, praseisticesockat devige 0% @bul ar
conpl i ant  prerdspdiaiqineHEEdmpding: S nol dabl e before hardening and
hardenabl e to a | oad-bearing state, and further wherein the pre-form

el ement i s connect ptoviding ptersidre o trangmittingtarrarsgathentthatis capabler e
mol di ng, and BP {rtangrrnitvt\ﬂ'n%rae itgns}igr? fgrrc%sttoht Séi gisga?%%ldearreg%f%ﬁgrlr'ggi%ﬂtai Pl(mb
in a distal direction;
applying a moldable hardenable socket material over the distal end
area of the residual limb;
peripherally compressing the socket material before it is hardened
against the distal end area of the residual limb while applying tension to
the tension load transmitting member in the distal direction to elongate
the distal area;
carrying out tensioning of the tension load transmitting member
using a reaction force generated during the socket material compressing
step;
causing hardening of the socket material to a hardened molded
condition while said compression and tension is maintained and while the
residual limb distal end area is elongated; and

removing the hardened socket material from the residual limb.

30. The method as claimed in claim 29, including sensing the
degree of tension applied to the tensioning means and generating a signal
indicative of such tension.
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secured to the socket material after nolding and hardening-- --- ~ —~ 32.

The nmethod as clainmed in claim31, including using a braided .
rei nforcenent fibers and a water activatable corrposi”mlimm!&lﬁﬁ ‘!l\l nto
the web as the pre-formelenent. 33. The . s in
claim 32, including using a water activasabl e polyi socyanate prepol ymer

resin as the water gctiyatabl e conposition. . . 34. The nethod as
claimed in claim 331 nﬁ&dmh%i% caifmesh in igeing 28, m@yd@gnpémle@gnt i
fibers in the ' t I’ﬁ?ﬁjll cl.aim 31,
I ncl udi ng pr Og?%%ﬁ%fé%?oeatmf ec?utthgr %’ee;ﬂs?fe%{é%s%glﬁpecs?\l}gli ng r?g'f’eﬁ_hl%al on
t he i nner andsotketrmaterial @sspart dfithepteasionimg ma}man@&gsmgaabfﬂ seckerg the
el enent and b Lhg the covering. |ayers to the el egent during conpression
and har deni ngR%?é'E' e BBBH m&lﬁ@mre-form elemgnt ‘ﬁé?ﬁ@&%% beferened in
clai m 35, i ncharighin@afd helidihabld % lda@bedtiRpstate difdl fupthel WHEbInReO the
interior of the socket material at . . . .

-46- at | east Pnformyelament iscannected io & prosghesis cduplereat ity distal eadket
material . before molding, and further wherein the prosthesis coupler is permanently

secured to the socket material after molding and hardening.

32. The method as claimed in claim 31, including using a
braided web of reinforcement fibers and a water activatable composition

impregnated into the web as the pre-form element.

33. The method as claimed in claim 32, including using a water
activatable polyisocyanate prepolymer resin as the water activatable
composition.

34. The method as claimed in claim 33, including using carbon

fibers as the reinforcement fibers in the braided web.

35. Themethod as claimed in claim 31, including providing inner
and outer layers of smooth covering material on the inner and outer
surfaces of the pre-form element before hardening the element and
bonding the covering layers to the element during compression and
hardening of the socket material.

36. The method as claimed in claim 35, including providing a

resilient pressure relief formation on the interior of the socket material at
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37. - The nethod as clainmed in claim33, including providing. said pressure
relief formation between said inner covering |ayer and the inner surface of

the socket material. 38. Avresidual linmb sjm "m " ng to
the nmethod of claim 29. 39. A pre-forned Sk H!” A mmﬂm Lr
nmol di ng definitive prosthesis sockets foperesidual |inbs, conprisi dg:

a web of reinforcenent fibers configured as an el ongated tube di nensi oned
to receive a atdeastnopkeR\¢catibavbebre compressagl drid hardeding! thé 8BcRet ensi on
fastener pin receiving opening; sald web inpregnated with a nol dabl e,
unhar dened re&¥afefiglat i s hardenable to a | oad-bearing rigid state; and

a prosthesis coupler connected to and substantially closing one end of said
t ube; sai d coupl er bondable to said resin so that it is permanently

bonded to the resi 8ZwheThehmethesi as ¢lginhed theclathh 38)dncluding provitlipg gaidhesi s
coupler including a centrally |ocated aperture extending through the

coupl er par al PEgsSSUse relieffoppatiam hetween saidigngr apeering laver apddhe inpehe
aligned with ' l:di ng access to such opening by a tension
pi n el enent a?Hﬁgggtbngra%r?%ﬂ%ﬁﬁ}ﬁgg%f the pre-form socket material over
such a suction sl eeve. 4 A pre-form socket material as clained

0.
in claim39, said yeb di al | |iant tube made of bjas
brai ded carbon fi bdBs. A Fesiduallimb socket made according to the method of
REPLACEMVENT Skfgih 29.

39. A pre-formed socket material for molding definitive
prosthesis sockets for residual limbs, comprising:

a web of reinforcement fibers configured as an elongated tube
dimensioned to receive a suction sleeve having a sleeve-end fitting
including a tension fastener pin receiving opening;

said web impregnated with a moldable, unhardened resin that is
hardenable to a load-bearing rigid state; and

a prosthesis coupler connected to and substantially closing one
end of said tube;

said coupler bondable to said resin so that it is permanently
bonded to the resin when the resin is hardened; and

said prosthesis coupler including a centrally located aperture
extending through the coupler parallel to the tube length

said aperture arranged to be aligned with such opening for
providing access to such opening by a tension pin element at least during

molding of the pre-form socket material over such a suction sleeve.

40. A pre-form socket material as claimed in claim 39, said web

comprising a radially compliant tube made of bias braided carbon fibers.
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-47- 41. A pre-formsocket material as cl ai 'mé'd" i"'r'l' cI aim 39 sai d
resin conprising a synthetic resin activatable to | Id state
by wat er- 42. A pre-form socket nmateri al a m E m 41,
wherein said resin is a polyisocyanate prepol yner re§|nc
—47-
41. A pre-formsocket material as claimhed in claim 39, said resin
comprising a synthetic resin activatable to its hardened rigid state by
water.

42. A pre-form socket material as claimed in claim 41, wherein

said resin is a polyisocyanate prepolymer resin.
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(57} Abstract

The combination of compression pressure casting or molding a preformed, moldable, hardening socket materia} (36) and applying
tension to a residual limb (40) in a distal dirsction while the socket material is curing results in forming a definitive socket that fits well to
the residual 1imb after curing without substantial rectification. Pressure relief formations (90), socket coverings (92, 94), and a prosthesis
coupler {38) may be compression molded simultaneously with the sacket. A pressure casting system includes a pressure chamber (20), a
compressive pressure applying membrane (22), a tension reacting system (58) for producing a resultant axial tension in the residual limb
within the socket material during forming and hardening of the socket, and optionally a load ceil {84) to monitor or indicate the tension
force during molding. The socket material inclndes a preformed tubular sleeve like reinforcement web of fibers pre-impregnated with an
uncured preferably water activatable, moldable, hardening resin material, with an integrated prosthesis coupler at one end.




