10

15

20

25

30

Ot hopaedi c paste delivering tool and nethod for
continually delivering the paste Field of the

I nvention The present invention is related to a

techni que for delivering an orthopaedic paste into 5
a bone, which will harden in the bone and act as a
nmedi cal inplant. The orthopaedi c paste can be any
known fl owabl e orthopaedic filling material including,
for exanple, a |iquid-powder m xture and a vi scous

| iGxthdhacdio padtOdéliy ednP ol ARY hethod@Tod lco@inuaBbp dkple ik theQlaste
the Invention 10 Fig. 1 shows a schene of a common

nmet hod of delivering an orthopaedic paste froma
mambﬂmaBWm&Qna designated spot (bone cavity) through a
th| t ube. ener the orth ged C._past

ch
elﬂreé&‘?‘dnv% ds e REJEChRIaRe elifegpen P OBX\Q‘C paste into
aQﬁ)ﬁ& , 3Vhidhrwifl g]ardéleﬁrl&hé/&brfe and Sctia§lh ﬁleaieﬂ&ﬁlplahe Eﬁﬁiﬂ)ﬁ@d’eﬂﬁ%aste
rou thin tupe Into nat ed s I n one
can r‘lﬁ"cg‘m Z‘“O‘t”? s‘k’ﬂ@ r O%Wogﬁéfraﬁllcoﬁé“ P’&@H@‘eb‘“ B}ge?f?r. example, a
ligeidvndéraniaduke/and 3 &ehch i lquidap@hiathg ApoBaRAc fyletimder
desi gn whi ch connects the container and the thin tube

(syringe), wherein a driving force is applied for

mﬁﬁéﬁ&ﬂ&@ﬂih@hﬁf@ﬁﬁ(ﬂ del i very. For thi s one-step, direct
forgce t he | owder of . the

illin od [ nd

or t%gaf e 3 e?%o %ﬂnan%rﬁﬁh%o E‘éﬁ”&g an OﬁWﬁede%este from a
centaihéri @naodestghﬁed‘ Qp&e(bdhe icadty) herobfh lal bgn pURCE IS . gefiel, the
u de%¥ ing p XS GS IS (g | ai neg bel ow. 20 ner al |
OERQPZ ‘%é’? $heligh &b léﬂ‘“‘ ifl J@pyphpse mEGe siore H‘earFQP bar or
rdsbivbig ti fitedded 10 bElt@nspbrted threigp Byflﬁh @itk iR ﬁdie§1g1€b[bd spot in a bone
occurring in the c ner t ughqut t he
S BTGB Gr FREFLSTHG s CORETETEBUIFTp driepered
c@@ﬂ@ﬁmer da_d'%@x Wwhitle E:?lﬁﬂect@ H&Sé‘oblfaﬁleﬂeﬂtﬁifhe pigal tllllfe (S}gmge), wherein a
appr oxl mat e e t a .forc L ae
AFTBE Kt s EL Bt o Raboii pPRleadgive oty hsp Pk drec
fopeedsHlifgeméti)d, the lighiaaad powidek of it yrtigipaddid ;biiﬁe@d)uld tend to separate
everywher.e eé Egt ar und ﬁ? é@e exit re f theh ..
Ut Eon jof tf‘?fée 8% Pe tpéocf??e ‘F r\m{f"lﬁ‘éﬂé‘,g PRysICs 18
expihiied beloe. pressure dr ops drastlcally to t he anbi ent

pr Ssur. nat ed Sp

U Pidng e aidi 5 Sel; BUEEr g i Mataan Fie 1

Theh physishiCtdndition foctunging nthai dostainan thrdidghodt uhe fiflng I’mocekm&m be
mechani L sm m t hat. drives the ui ortion o

de&?‘lt“ﬁ% &l & Palt ¢4 G CBEPL ot Phe fe ;P‘”%S?“r? i ‘%:‘°’<>_<g81?e“1 is
a;tpheummiy aqum rto tHéha@h&alﬁorbﬁ dividedi dlyrta¢ edfdoy atdaeof the back plate,

naigrgz Y, 294 ej%& Rr?s(%%e fi 16 al%o(s)# umforrr?flg/ FHs tteldoer\]/er(})ftzvhgrte)texcept around
the exit region of the container, i.e. the region near to the thin tube, where the pressure drops
drastically to the ambient pressure (Po) of the designated spot, as shown in Fig. 2. This
locally developed pressure gradient around the junction of the container and the tube forms
the major mechanism that drives the fluid portion of the orthopaedic paste mixture out of the
tiny orifice of the container. This can be illustrated by the incompressible Navier-Stokes

equation of motion for a fluid flow,
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Pau +puau+pvau= -ap +,4 (azu + azu) - - | at ax ay

‘axz ayz | ax unsteady convection pressure gradient

viscous effects In which, p, u, v, p and p are
respectively the density, velocity conponents,
pressure and viscosity of the fluid, and (x, y, t) are
the Cartesian and tinme coordinates. The orthopaedic
paste delivery notion is in general very slow so the
unst eady and convection 5 terns can be negl ected,

ulting in a balan tae ure gradi ent and
Aéév459 SFE% the locally
de&elopedkpresimre gﬁadle Ekarl the fluid notion by
ﬂyﬁ&ﬁ th%;;mg—rhtgkﬁaL ef—ma¥+—%+4ct|on as the fluid
is ejected out. Omemgerto thezldrge solid-liquid
density ratio, the speed of {he fluid usually exceeds

I méichpfo t e, gainid du paﬁtrésprcewly thadaisig veloeitys eqmaqoamtso rpressure
constituents. The fluid

of the.orthopaedjc st
B4 VIR (P GPE ?’a&aéa & p’és‘? @rspihel CtsHeR R0 dgtey °9org te&ut The
ofthopabiBic M &iliNGY nbﬁl@ﬁthbsﬁ Rherhh@re 61650 hd l)/hsteady and convectlon
characterlstlc of the flow notjion. Nevert hel

he
(eSE AP U ElorsFd FoRUB IrICBLARE < ChRSESSUIe EiRpiep' a8 A yiscous terms
Il i e rvedRlis, PRy Sbdady d'é%lb;ﬂsﬂl §msafe phgichtOBGR:s| e afnpd in@dion by

I n the hegi nning il uted orthapaedi ¢ paste
ouresSH it s B RTRSb A f‘l“i“@[}uaa thanpddb gl Paing to the large
sEIRINMRuRS &Rl tyOdtio,dhe sgebEoC@B fididNBhally [dxCeckie tRat b thE solid particles,
ort hopaedi c ﬁ tﬁﬁ%et drler durlg% t he pr sgrlzatlop
CHBIE oi4e seppraf dnihF oripgediey 8%§tepf’ ey ¢ pidgpprt of the
oﬁmphéhmpistd MlESonfuh&B”ﬁhlmdvﬂ Gutdloti shklcysnt@mtar wc?]dsb &f the continuity
cont ai ner n er t t
CBEREIGHS o SORPAGT v RIS B RO Por e oapasd past
eip%ﬂ&ic&d &iffeféﬁt/\/gl%fsw@lf mbchﬁ?l@rht(aﬁgtmaﬁ”&ice 1sﬁaﬁﬂ1€d W Th : thd @eginning, a
0 cked or.interl ocke Q resul ti
oG beAeg 1 oG BFROAME " 1 67 TG STt g comprekacbut of
thfa |cb|litﬁihéry "\Il"%ﬂlieﬁiaﬂning irtHopmedit ﬁasté@ltb&frﬁf dxﬁﬁlgﬁlﬁﬁ;ﬁl‘@d@hﬁﬂﬁlon period.
ns, e .one-st.e rced-f.i
iR OpiL %5t fish el G 95580l ppien Py Moyt gty cat of e
cdih&ﬁﬁee dBdcépt dbrythe mlﬁatmmexe&ptemml duy off atte @ontrinel Mith|te carrier
11%11% I = S‘EGKSJ ?cl,r(ﬂf re%)%t dur 18 ﬁ?stmL%’t (ﬁ%Sﬁ prS%cl%e or mter%cked
to@d?th)éﬂ Idﬁllt&lgtll@ﬁ) btat&mdlumbhhlﬁ dhlﬁrﬂxrdue Rbthe tag d>frﬂl1a1n|yy This 11qu1d -solid
Sep?{f.tb(;{lg’xrll g%gsarll? ﬁ)f%ga:hrgsg ep s?ept, gxre& %rceg lelln ing devxce 0 en falls asa

satisfactory orthopaedic paste dehvery mjector, especially for a minimally invasive surgical

procedure.

Summary of the Invention

A primary object of the present invention is to provide a tool and method for
continually delivering an orthopaedic paste stored in a chamber into a bone through a tube.

Another object of the present invention is to provide a tool and method for delivering
an orthopaedic paste stored in a chamber into a bone through a tube in the absence of a
pressure build-up in the chamber during the delivery.

Still another object of the present invention is to provide a tool and method for

delivering an orthopaedic paste comprising particles and liquid into a bone through a tube
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Anot her object of the present invention is to provide

a tool and nethod for delivering an orthopaedi c paste
stored in a chanber into a bone through a tube in the
absence of a pressure build-up in the chanber during
the delivery. Still another object of the present
invention is to provide a tool and nethod for 30
delivering an orthopaedi c paste conprising particles
and liquid into a bone through a tube 2 0 without
with@is{ghiFiedtly Xh &R RE Fhe 10 1id/NGuiS Ritib @f the gbﬁt@dlgﬁﬁéeﬂ tHRbugh g tube.

past e di spensed. throggh t he tube In order to
ac &b RpsieT raceomeplish dheafarespid, gpiscit F e ReRenpPYERAR, 2 replacement

meENABRE 19 %sedamr&ﬂlléiﬁ@rfﬁé"basfmﬁ&@@ li§ el chab&hiloligh a tube m fluid
delivering.the paste stored in the chanber throug

cQyBRniFafor i dhe CamhtinlRigh inside invedingehe Prstr e R)W%fﬁ with a

sthAl VRS0 rEd6ReH RBnibBesubSt B0l B rtamce&ia@maﬁrvomde Rt aasteﬁmo the
smal | vol une of recovery nenber such as a rod t

bgIng EETRHG té%%adnaa ‘iSPPréVhb‘F 2pRl¥ing 2 PHREITS 19ethe %Ié’ in &}?cfhamber

sd @ht LphdeNGeatddDy thy/REENEg [SOdpMbtd b9 tiRPRi] A repeRtiSBd! nPasion
to the paste in the chanber, so that a space created

m@yh%ﬁ%e¢@ga%%W$%@ i s replaced by the paste, and
repeating the invasion and the retreating
alternately, 10 Brief Description of the Draw ngs Fig.

Bﬁdﬂ§*ﬁ4§€%@ﬂﬁfpﬁmﬂéﬁtlaI cross-sectional view of the

Pr QI 18kt Q:‘H@ma?tfcelpartléj'&(%@tsectlt)@cﬂ GBSl Toif Ithd PBorO4rt Bﬁ’@ﬁ%d'cﬁrect
paste tool. Fig. 2 shows a pressure profile in th

mﬁﬁéﬁ@“ﬁd@%ﬂ%ﬁdﬂp?%ﬂPWon (X) of the prior art

ONEpSH @Rewdlh rp?&s§uré F&i%i if ihke| Jafte a@VdnbBOBREHE (RRSE ehel RRF art
shown in Fig 3is a schenatlc partia

Of’érsli?é’sd‘éeéfcff’TCS‘i‘TQFm% P@wpafdl%\p%@rw%m% infp st ep

or Figop @Qﬂécﬁeme@@%ﬁlaf 868LB&iHAWiSR 0Ph hbMBnRAl BREMp orthopaedic
i nvention. Fi is. a schematic partia
pagie deeding deYipes glpe RFFSER0 iBfentioyer t i cal t wo- st ep

or tigop aﬁﬁils&ema&s batihleRebs RE 1AM I i@y of atvBRicAIr ®8Rp orthopaedic
| nve tion. . 5i1s.a schermtl C cross-sectional view

aétheﬁ \?éld?‘f‘??aq e\/%esg‘fté‘b"e@i“t’hopaedl c paste 20 feeding

t omlg ofis b Rehelal6 @Rss-bdtu@ial V@R of b FertBall SvotdpChFpdelde paste
how ng.the control |oop for orthopaedic paste

fe?‘iﬁ‘}getff? i% e PEFSE VARH%e t ool shown in Fig. 5. Detail ed
Dessigrd 9taiseientic Hiagramyiéwing @k control loop for orthopaedic paste injection

used in the tool shown in Fig. 5.

Detailed Description of the Invention
An orthopaedic paste delivering tool, in one embodiment, comprises:

a chamber for storing an orthopaedic paste,

a tube in fluid communication with the paste stored in the chamber,

a recovery member movably received in a hole provided on a wall of the chamber,
which can be pushed to move from a first position to a second position, so that a
portion of the recovery member invades the paste stored in the chamber, and
thus the paste enters the tube in an amount substantially equivalent to a volume
of the invading portion of the recovery member, and

a press member in contact with the paste stored in the chamber, which presses the
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25 An orthopaedi c paste delivering tool, in one

‘enbodi nent, conprises: a chanber for storing an

ort hopaedi c paste, a tube in fluid comunication with
the paste stored in the chanber, a recovery nenber
novably received in a hole provided on a wall of the
chanber, which can be pushed to nove froma first
position to a second position, so that a 30 portion

of the recovery nenber invades the paste stored in the
chanber pa@ndob D #Stht RRaARS tLIBNEAE & spdee cFeldfé@ in ﬂle %Hamber when
anount substantlallg equi valent to a vol une

i nvadi nepErrINmEndYHe beg REEEY %@hﬁ@r“m%ﬁdmﬁﬁﬁ?égém’ﬁmt
nmenber pekigpnt act with the paste stored in the

chanber, which presses the 3 0 paste stgred in th
chdfias ermlpdimanpitheaeeovaryaprieher Sregad bayingm GteeteH e R 20 times

NBE Pineld dMEndi& GOME dbe TERR @karhpie, eI Ng pul l ed fromthe
second position to the first position. In one

entibeiiofdat 2 dipmeterrapgRgsiym Fimse el the ingerdiamasenf fg tupe to smaller

tgdnq;;@mgrdga%gergmgngg times 5 of an inner dianeter of
the tube. For exanple, the rod has a dianmeter ranging,

£ 1 B press mesbes ey 6 & plodsct O AFRER K i fheichinheg febere one Side of
R TRhth & in bR Withehd PBE stotddaMBeChaber ah@ thk WRRr sid&16Y the plate is

press nmenber may be a plate slidably received in the
agdapiadie Feceifhe PESitiye §FFEsUss WE°6f the plate is in contact

Wi trihe %?ghpéisﬁ@ pBteOfhE Podifivel d?@SSlQ‘Q AR oPih, tBRriBltD 8 Wrive to the
si de of plate is 10 adapted to receive a positive

Pﬁﬁ%@%@ﬁ@ﬂ@@ﬁﬁﬁgwPFWé“W@P@ht of the plate, the positive

Pr &3 hitdin %ﬁ’lﬁ&ﬁﬁen’@rthp Qelfbht 6Pl hiRHL Be 5})05“1{@/ ?reﬁs@tret Bfirce or a
pressi ng of paste by the press menb n certain

ceRbiBion®h f}@m ztrehgot\ﬁ,gq)%htto EuSg ﬁgglﬁf %ﬁnéé’lm?lﬁlé o%g p3sfestored in the

RInfRP &g MY tG6e. O @ conbination of them are not
enough to cause a significant anount of the paste

st dhePribppaedie pasts deHigrgr topintay ifkgher rampiitse? i means for

ré%frfr@aﬂyaﬁ‘éi*foﬁnﬁ@&teepu%hg MRultElg bOAE rdtBiers MEhb@r conpri se
drivi ng neans reciprocally perfornlqg t he

pu§HT ﬁ@maﬁdhﬁéw%@e@ﬁ ntameom@&s@@flv%ﬁﬁ@ ®For
exaRdtBod foh&I1idéngiaAstTBeHASisbPYeps ORPr i S€ a pneunatic
cyl Iﬁq%?gra chamber with a paste, with which a tube is in fluid communication,
pressing the paste in the chamber with a pressure which is not enough to cause a
significant amount of the paste in the chamber entering the tube,
reciprocally pushing a recovery member to invade the paste in the chamber and
pulling the invading recovery member in the chamber, so that the paste enters
the tube in an amount substantially equivalent to a volume of an invading
portion of the recovery member as a result of said pushing, and that a space
created in the chamber by said pulling is eliminated as a result of said pressing,
and thus the paste in the chamber is continually delivered through said tube.
In one embodiment, the recovery member is a rod having a diameter less than 20 times
of an inner diameter of the tube.
For example, wherein the rod may have a diameter ranging from 5 times of the inner
diameter of the tube to smaller than the inner diameter of the tube.

The pressing may be carried out by using a press member slidably received in the
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A nethod for delivering a paste conprises steps of: 20

‘filling a chanber with a paste, with which a tube is

in fluid conmuni cation, pressing the paste in the
chanber with a pressure which is not enough to cause a
significant anount of the paste in the chanber
entering the tube, reciprocally pushing a recovery
menber to invade the paste in the chanber and pulling
the i nvadi ng recovery nenber in the chanber, so that
hiBbRaSheif Bh&Eide ol fhe tpR&s tidkRBerl 1 i Borfd¥P With the paste stored in the
substantially equivalent to a vol ume of an i nvadi ng
Hejresr gad g (ttgf‘é ?%éé’ \‘/‘"&8{6 TreRAgRer adaptpdto fegeivsra Rogjtyy® pressure
sBuedi ng, and that a space created in the chanber by
said pulling is elimnated as a result of said

pr ed§ipFRgs membgy napbe, fprrxapplst &PIRtE: t he chanber is

ConItHerWa@éhlt ¥ @8 lplaveiriarbr iy SUde PRISrd $9aRe rdy BRibute a drive to

enbodj nent, the recovery nenber is a rod having a
th ApRSIET Iess than 20 tinmes 30 of an inner dianeter

of 1} Rerdid BRbodiREnt EXRITREBroc¥NREEhE ahd Bullifd oMY r&RVEY Fnember

di ameter ranging from5 tines of the inner dianeter
mgpy be kTied o8 by sisgmpiesmatiqeylindsie i nner di aneter of the

t UB§e rebBRPIMESEdr Hehy R Yirred & Ul ;ﬁ‘lgne@% inP¥e WS PAGte #h tRE Bifshber
menber slidably received in the 4 chanber, wherein

vatheutsnigangthe tube dyingsaidpesing is in cont act with the
Pagthe pakoheHbd, Tort Jﬂ{@m{ﬂ@ hanRgd pdRgr th8uethB@hg 8 1id6d ¥ sdlibQatio

press nember is adapted to receive a posi t1ve pressure
b&&ﬂP@éﬁnmﬁémﬁ@é§§1%@#6§¥ may be, for exanple, a plate.

aQisthR 148idapAfing Do inelie mBRAAIOWhich BadP Gikdos e gRABISHM Sout

source may contribute a drive to the pressing. In
Se¢entipiscenbodi nent's, the reci procal pushing and

pulthé Blgho(éﬁed‘ichﬁst% QRS Moé@@sﬁ&Qﬁe praRMt iRCenEaE Edn@d tRMttatBY using
usi ng neumati ¢ cylinder. The recove;¥ menber may be

ad‘r"?’%{n‘@’@& Pgnfhod deskalepd b5y Zifiresha a9d & deniqy tvpgepresentative

dé‘sﬁ’g‘hgbxﬁlhelylaerMohB&iﬁl aﬂﬂ‘tV@rrtﬂczﬂEfeéd'k% ddﬂ%@s H‘Wtdz NOth&dndles are also
pushln% The paste may .be, for
d-p

9SS bis--1p SRlteSHnSE B THEREPR oD 4 omsted 6 s 9 of
stBgd/ @dnthiRr 10 Ath aBadkiplfle 30 b&inglPlaced WGt tidSother end for pressurization.

An injection rod 30 is used for pushing the orthopaedic paste 80 into the outlet tube 20. In
the forward stroke motion, an orthopaedic paste segment 81 is pushed into the tube. As the
rod 30 is withdrawn, a low-pressure void column will be generated accompanying the
rearward stroke motion of the rod 30. The surrounding orthopaedic paste will immediately
fill this void column space due to a “vacuum suction” effect as well as the applied back
pressure. Unlike the conventional one-step design shown in Fig. 1, the present applied
filling force (F,) or the pressure gradient developed is usually small, which is required only
for pressing the orthopaedic paste into the void space created by the previous back stroke.
Separation of the orthopaedic paste injection and feeding into different steps with small
applied injection and filing forces (F;, F) characterizes the present design philosophy. The
orthopaedic paste feeding step follows the injection step, and the assigned delivery mission
is accomplished by an accumulation of the delivered orthopaedic paste segments 81. In
both steps the aforementioned high pressure gradient phenomenon would not occur and
these two steps can be repeatedly operated. There is literally no limitation on the amount
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a viscous liquid conprising a polyneric material,

‘which has a viscosity greater than about 500

centi poise. 15 The orthopaedi c paste delivery process

of the present invention can be facilitated using a
novel two-step nmethod described bel ow. Figures. 3 and

4 depict two representative designs, nanely, the

hori zontal and vertical feeding devices [Note: O her
angles are also possible]. In both designs a thin
dfftheGrthiopatd(cquatte & he ddlvereO M&e@@ﬁnﬁa:fo&ﬁ appliedn thidjedfion rod

a  storage container 40 with a back te 50 be
G 5E S STt R i e Pagsy Pl D by enit i fube.
I Nj @sitraQNo tiRddese depitts®fh HiQr1, m&hhtagext simepsafrot hﬁ@@@dﬂep method

aste. 80 into.the outlet tube 20, Qr
e RN G 1 8@5@&5 é’“ﬁ%{%‘foé? %fetb‘ﬁé?ﬁta‘%f‘{ 40 ean be used.

ThissiB agk 1oﬁh@advﬁhﬁa%eté%ﬁ<laraté§ by fh'elprefs&d dédign §nd6/,| fol ﬁlfy&WHt,amar shape,
oW pressure voi.d col unm w ener ed
%%wﬁﬁfﬁﬁy?enﬁnteﬁ% ly F%&WFBO@F‘?‘B RETGY @ﬁ vgid PR Ggepd by the
pB&iout tfecibd stRME girllg dﬁthM&h&tﬁﬂ@i@cWrﬂ iuctlmmtébtat el y
flLé%t i's voi colunn space due to a_"vacuum suct ]

ef f &6t MRS Rt Oagedt%easgpﬁqlivsfa baR o6 thsr weent é’ve‘@ﬁlﬂu %’Bswts
ektiag N en@ltur@nonsioathtslasd @Ro SRRWAI ifstcink Gnechanidnde The

prese lied filli faorc F2) .or the _press re
firetion %ﬁfﬁaﬁ‘gwa}tw&ar& i dEFgﬂ%ﬂd|193§%%lﬁawm&Wtﬁfq@C? ©dis fed
10NOthoph&dic PdsRItdrag (tdhenmudnopagdi c pastE i ntg the void
ace .create e preV| us ac st r oke. epar at.i on
Tﬁ? coniging ig ‘ff‘S‘gE?e%‘i'rﬁ %mgpaf ip 8as ‘Gﬁ’ e Jfidyerede e igngr il can be a
cdiddte by &b&pgctidnbh st&mLI Surddep |rb@finéss Jhoectﬁd oiRerawall should be
aracterizes the

f.iling forces n
“H‘é‘g‘i‘ﬁﬁ ‘b’f?f’\“iﬁs"l?é:‘h%‘“‘%el\g)é SUT HBRE e b ‘é*e{? E’e‘fh‘ﬁh“d enhance
tirtfeqaideQiffe@ivendsfie i nj ection step, and the assigned
de] i ver I ssion_ is acconplished by an accumul ation
2ofLQWﬁPQ;§EWﬁ§#§82%rthopaedic paste segnents 81. In
ThigttlibeSik @pFertbl¢ aadubstamng coned: Bioghsepticab tih€ \gliléldbeﬁanﬂie either
henonenan | d not occur and
TPRRS Ay RboedS it spent i bepaRe St PR the
designhiee deliveynpot. 5 O of the orthopaedic paste to be
del i vered. reover, the force applied on the
31?%@&94?%*%@ can be adjusted to overcone the
Thie $ij&tibm gpdiae Suhdtantiayahd @che@fost beztionil klepe @nd mddifiddehape) as
vi ce .depicte

g SRR G QR B 1t AETY W PER b fste f s gves 1. in
foewartl is@Ke, the Fodoend ibatepl toychasme siteqpee piutk afithecinfeatidnabedf0. For
ol -0 BB 250 ol B DLt o
tha injeotiom tudk. ndTraCSiﬂﬁil}ethetlﬂi] ectiap pdd shdultl baoen diameteanit top ldrgadhan
thf R@ep Eiltarql% er o {h% d%ggt}o% t{lbnet 0 te'%eral;{y, tﬁie ?n?e%&gn gordes lﬁg ngy have a
diameter larger than the inner diameter of the injection tube by five times; and more
preferably, the injection rod should not have a diameter larger than the inner diameter of the
injection tube by three times. For another motion mode, the injection rod may be partly
inserted into the injection tube. In this case, the diameter of the injection rod should be a
little smaller than the inner diameter of the injection tube. Clearance can be properly
selected to facilitate the stroke motion of the injection rod. The length of the rod can vary,

depending on how much orthopaedic paste is intended to be left in the injection tube beyond
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previous injection stroke partly due to the

af orenenti oned vacuum suction effect. The two-step

ort hopaedi c paste delivery system of the present

i nvention consists essentially of four structura
conponents and two external forcing nmechanisns. The

10 function of each constituent part is described in
the following with reference to Fig. 4. 1. Othopaedic
Paste Storage Container 40 The container is used to

tg&g@ngtg@degpgrp%@edl c paste to be delivered. The inner
can be a cylinder of any cross sectional shapes.

4SuBﬁ@%%m?é®ghness of the inner wall should be

84 bmeZ@ tseki Gorl @Qx%ﬁtlﬂ?ﬂhlﬂ: ﬁf'egéuﬁ; teQ@fredO @eeatth&&t%gﬁﬁic%ste into
may al so be used further enhance 15 the feedin

thef Yoicheqlyrehergaied by th¢ pieriens oask pekelae el |ilsProwntths syﬂ?aaﬁ gf the
Ohﬁolﬁgfﬁéﬁi @tduymgthglp&g ?rﬁdcggsl y constant cr oss secti onal

I ch can be el flexible or rigid
SO Orthpraedic RasimBeliveselsehanismy(not shpwn iethe deavdees) for srayiding the
1@9&@nﬁ%@ﬁ?'nt° the designated delivery spot. 20 3.
njection Rod 30 This injection rod has substantially
Thiseneshanisncpands age srapeiiad pr@waﬁ@al(bo hydraghisally: peeledtoaprepetically

dA%en ddIRed NITRE LD F Qﬂﬁleg Qhou-ﬂh Be loRAGE thaRfor LBl kR GhMOST the
rod 1s selected in such ﬁ in the forward

resistipgk lad pdemrring @t dp éelb’3FYe‘1P9t Itlléﬁféh érséﬂtoﬁ boresxergicy the alst tube
V\@fl t b@n&o‘i‘k@& thle %pi:l&pﬁ) %’tht&@ the Hﬂp?ocqp‘iﬂ&i@n P dRe 1@%2% rod

dianeter of the injection rod can be |arger than
compaeted igithiprfreng ®echamsmhe j nj ection tube. Practically,

6! NBrthdPaE6L PAR F&ng hadthshi@ Vit ShdHPRBhE Bralftesf P providing the
| arger than the inner dianeter of the injection tube.

feediag &reizy, the injection rod should not have a

THis 3RhHfsn] h Q)@ ran)t/ Hx@ﬁha‘ilp epnbﬁlﬂﬁfcal@ ayRLficalf of a@ctro magnetlcally
|nJeCt|0ntue y Ive t1nes; nor e refe

dyivsa qeﬁ]cgsct T8¢ aprigd st Fg s]pﬂylld h@@@uge@pgﬁlgteépughatp @qd but not

obdiBNedntpess MRE britipadER Eﬁsté:’fzoﬂtzhﬁ‘ed in@id@c’[ﬁé Qéhtill:ﬂé?e e feedmg is
three times. For anot noti on node, eln ectio

lapgsly srsistehBy papqupy suetiqnneifert ipdncpdiby tft@ﬁeafrvﬁljde%r?keo?f t{““u fpéection

ro'dnwﬁlhh SrefteSHowii@set b t8lumAkpdcBe 1 nj ection rod should
be a little smaller than the inner di aneter of the

i njection tube. Cearance can be properly selected to

f agi Jitw ot Be LtRe hd HKRnBIdna6n Bs at Rt tlfé]f@lﬂ?d\ﬁﬁ)g"mﬁjaﬁfeatﬂé@
| ength of ' the rod can var depending o

Lor Tlrfoiﬁa%troe 9 Qehepapdic pryseIrifuery i Hro P@Pfreleﬁgﬂlﬂ%ependem) steps
| Npreddirindl uhRtibgyond 6 0

2. Orthopaedic paste injection is accomplished without a locally developed high pressure

gradient.

3. Orthopaedic paste feeding is accomplished by filling the low-pressure void column
space assisted by a vacuum suction effect which is a separate (irrelevant) motion to the
orthopaedic paste injection

4. Total orthopaedic paste delivery is accomplished by a series of reciprocal injection and

feeding strokes rather than the one-step, direct forced-filling process.

An orthopaedic paste delivery tool constructed according to one of the preferred
embodiments of the present invention is described in the following with reference to Figs. 5
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the designated delivery spot. 4. Back Plate 50 Back

plate is used for transmtting the pressure required

to feed the orthopaedic paste into the void colum

created by the previous back stroke as well as to

prevent the spillage of the 5 orthopaedic paste

during the feeding process. 5. Othopaedic Paste

Del i very Mechani sm (not shown in the draw ngs) for

providing the injection force F, This nmechani sm can

abg@eany manual |y, pneumatically, hydraulically, or

el ectro- nagnet riven devi e force F,

appiieaathangiip aaSt?eJe&;mml IeHAF B 'é’eg PAIY GOrSH of iy ppdules:

l‘) hﬁectl@n@ THRS D)1k Bol P BY PRGEIAEE DAderddndid) €ottedliey € IRpr &R module
lus the friction force @;tiﬁ by fhe outl et tube

ﬂ%‘aﬁumw@aﬁ‘l FOFIPORERES IB@u‘gﬁsl &eriogd ?Saf{? 9%t at e t he

1reﬁW&ﬁ@§ﬁbeQOtlon of the |nject|on rod connected to

this faorcing nechani sm Ot hopaedi c Paste Fee g

TinscmberaOdimihe Aesesschenms! oA “‘F RERRREE RRgE) o o el Pis f ﬁgwgnated

plab@ in {hg Qibded §ubjeeR. F?hel&arﬁ&bﬁofﬁﬁ@ﬁﬁ@ Q@ 13 zﬁ@fhdheB ity preferably

pneungtj cal | hydr aul i cal

l
26 WE %(Y tha gHérptagdoptyd o Ve el el of e BB Gr@glymers. One

eﬁcp bﬁ ehiE Zutehig LaltgchQ@ 1@ dhel sl 0o BbdtiE ALY uitio chareob lt This
overly conpress the orthopaedic paste conta

“ll‘?%‘io&l &be gl celéﬁtbaliﬁe?sabl?ﬁgerf%@awaw.péste AelivgR yQ agk F%Itn@ﬁor 2

ch¥s heVaABHABNE ikl dRh@bdesithd ABECedo Bd FBR the alaabddly module.
stroke of the injection _rod, which creates

IPB’W tirbing rthoply BiSIcy AHIERa b, msgeVE e Uisk qofeector 2, the

Y& tubleNB0 4 6& btablidd Efdrh Qe RAS hadvy | Badlest e orthopaedlc paste
lowing major features: 1. The seg%ratl

S‘H‘rdlfﬁ’éﬁ%lbdr‘\cp‘lﬁ%‘% E0dean; bg dpsyriphirgm bR H@&Pf? ﬁrnﬁtt% forther add the

rdpialiRPSRBBd paitePSthe Bibe faREENGy.and i njection. 2.
C)thopaedlc paste injection is acconplished wthout a

21 MaipBedyMediigped high pressure 25 gradient. 3.
Tk itAPREBhecRasdpectively Ghd) hjdetiorn 660 DR fecigdoupys dridl thé pigrumatic

the |lo ressure void colu spac ssisted by a .
ISR TS 1§ o MOAF I SERYER s ag@fsal“ f \EF PEIRG gasily
ad¥Binpldh thdortHdpaedRrpakte ﬁﬂ%l’}CmiBﬁSrt e Ormolﬁziéﬂicqmsté is sld@édaih advance

i shed i.es

ing,Flg Feg l?lg ?:ll(l)(g%‘ h l%g‘l?){lllgv(? gﬁa and off a sto age contamet%y40 provu{ed on the

main body via a quick connector 3. At the base of the feeding cup lie a back plate 50 and a
through hole connected to the pneumatic line 11. Pressurized air is supplied through the
pneumatic line 11 into the feeding cup 4. The back plate 50 then works as the interface to
exert pressure on the orthopaedic paste for feeding. Sealing is applied around the rim of
the back plate 50 as well as at the quick connector 3 base so as to maintain the feeding
pressure and keep the air from leakage. An orthopaedic paste injection rod 30, as
propelled by the pneumatic driver, works back-and-forth at the bottom of the container 40 as
a driving force to push the orthopaedic paste segment into the injection tube 20. The
length of the injector rod 30 is selected in such a way that, in the forward stroke, the rod end
barely touches the entrance plane of the injection tube 20. This design length can avoid the
back spillage of the orthopaedic paste in the injection tube as the injector is withdrawn in
the backward stroke. In order to facilitate orthopaedic paste feeding, the inner wall of the
feeding cup 4 can be properly configured and/or coated with non-sticking materials.
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30 feeding strokes rather than the one-step, direct
forced-filling process. An orthopaedic paste delivery
tool constructed according to one of the preferred
enbodi nents of the present invention is described in
the followng with reference to Figs. 5 7 0 and 6.
The orthopaedi c paste delivery tool depicted in Fig. 5
mai nly consists of four nodules: 1) Injection Tube;

2) Main Body; 3) Pneumatic Driver; and 4) Controller.

Fopn&aahc PR M duiche function and conponents i ncl uded
are described as follows. 5 1. Inj ectlon Tube 20 Thi s

Thisomogige jusesthenmess syldan e and gireqtigeal dpFepget t which are
Qﬁﬁlteﬁm'}ll? ahlﬁgi@%l éo\‘rﬁ%ﬁé;ltst 0 56 il @Slet AL slze Elf 6 &trbke fdd€of the

di sease ects. di aneter of the tube 20 is
pasurAtd clhrgieh-iﬁ is grf@r@it g‘gmyhatzof theipjpction dod Hb apafaptor 4|is used to
érqf%ptt ?O%etﬁé}u hel Jﬂ@un?atn@' Qlifgs Bt &)1 1R inRbMAr roHE$Oa|all@\R/mg power

this tube is attached to the

tmnnttgbﬂymﬁbqqur éumlhtcathqﬂebker%ﬂxﬂ@@ge@fc pasteThilke strpke distance
d%t@} GLd &bﬁ%?st%& Gp%ed ph&infitis p:?ﬁfflﬁ% Qeldtt€r In order to fix the

ort opaedi ¢ pa delivery. Qui Ck connector 2

phévenaic tcalitsire h asth the déreefionplespntrel Vatl‘ﬁeBt WY 2051t FReh body, a
cbilrRPRof @gndr%h&cgpg% IR  NLRAN: fhb BbrmBitREs ﬁrtlﬁm%ﬁ&’sl oF this

paste deliver unscrewi ng the qui ck connector
cortngctof i§jreastre o mtlw@ gD tight sh&s detasehedis (g rfge%S‘ér%tdeS“ed

5 ug{t\ﬁféed‘@fj Whes thOpndikdaho E?l?rglbxc 1039 W@ll a§ d fbding @&;J ORhrodyh a

Ing rod can be inser from behind the tube end
tvgwhyreopesetondd: t Hes pisssure sapniy s&n 8F HBEsE A cogoxienes pih the

résﬁg % Lgré@suii’@ atl A€ cEAYl tMere 2rthdfptedic BRGY idVhrkaugl ©hbs placed The

onnects respectively the injection tube 20
dfrecsighd] go@@b vavealigis gp éleﬁmﬁgﬂqqccyalvs fwihy:g canbiiped to epﬁfr%l the air

v«H?sdngﬁe b p%@(ﬁllrhrn@ Qlyll(i)rﬂieial hand! ge dift waphs delRBtcd IBF et Mctrbagnetic
easli |y acconp the orthopaedi c paste delivery

chiguits itigrrod of fh?d@é‘é!ﬂ@t@ (hindes Wi bgtas%tsd itheithay fpardxg bagkward
wobendgedi ng cup 4 which is nmounted onto and off a
storaﬂe container 40 provided on the nmain body via a
4dearétellerdinect or 3. At the base of the feeding cup lie

The DARIGIR l@}to%t RQA0eed in FiBl QUIMeRBhEIRPHNBGE &@uit Bodré@hich is
pneumatic 1ine 11. Pressurized air.is Ey@glled t hr ough

despaned gerording iochg PRegatipRaliTRINGORYSf JEEReMly Cfigomro! piameters are
tHAGKkdPhr@ubne Gnd 1he Rot¥Iutberdst strbis] NtRIcbaed cbxﬁmaﬁﬁ(@htbe sent to
pressure on the orthopaedi c paste for feedi § ﬁ ng
teglna P enasloaHE R B FIRSH S iReepise R b fnvGhP gt 1
mOBhtbd 8$thdharlddRel40UIAG kheGAFIRE TS Ripredsddddn Sthe &shtrblcommand will be
mai ntai n the feeding
activated to drive the injection fod 30 moving back-and-forth with a preset frequency and
total number of strokes. The feeding motion can be stopped as required when the trigger
15 is released to spring back and the control command gets cut off. The air ways regulated
by the directional control valve 13 is also sketched in Fig. 6. The left air way is a route for
pushing the injector rod forward and vice versa for the right air way. The amount of
orthopaedic paste to be delivered can be calibrated and decided by the specified number of
strokes. The feeding frequency, however, is determined by the resisting pressure and the
orthopaedic paste setting time. Generally, the higher the resisting pressure, the slower the
feeding frequency because the time required for the exertion of force to move the injector

rod will increase. For a fast-setting orthopaedic paste the feeding frequency should be
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pressure and keep the air from | eakage. An orthopaedic
paste injection rod 30, as propelled by the pneunmatic
driver, works back-and-forth at the bottom of the
container 40 as a driving force to push the

ort hopaedi c paste segnent into the injection tube 20.
The Ilength of the injector rod 30 is selected in such
a way that, in the forward stroke, the rod end 30
barely touches the entrance plane of the injection
higH8%nd the amh@ﬂﬁ&%gs% sh&N@bdrafadad¥@inglyt he  back

spill age of the orthopaedic paste in the injection
tube as the injector is withdrawn in the backward
stroke. In order to facilitate orthopaedi c paste
feeding, the inner wall of the feeding cup 4 can be
properly configured and/ or coated wi th non-sti cking
materials. 8 0 3. Pneumatic Driver Mdule This nodul e
uses a pneunmatic cylinder 10 and directional contro
val ve 13 which are comercially avail able conponents.
Since in general the size of the stroke rod of the
pneumatic cylinder 10 is different fromthat of the
injection rod 30, an adaptor 7 is used to 5 connect
toget her the pneumatic cylinder 10 and the injection
rod 30, allowing power transmtted fromthe air
supply to the delivered orthopaedi c paste. The stroke
di stance determ nes the nodel type of the pneumatic
cylinder selected. In order to fix the pneumatic
cylinder 10 and the directional control valve 13
firmy onto the main body, a connector 8 and
connector cap 9 are used. Note that the connections at
the two ends of this 10 connector structure should be
air tight so as to assure the feeding pressure
desired. Pressurized air enters the pneumatic
cylinder 10 as well as the feeding cup 4 through a
two-way connector 12. This pressure supply can be
adjusted in accordance with the resisting pressure at
the cavity where orthopaedic paste is intended to be
pl aced. The directional control valve 13 is an

el ectromagneti c val ve which can be used to control the
air 15 ways inside the pneumatic cylinder 10. As the
air way is selected by the electromagnetic <circuit,
the rod of the pneumatic cylinder will be actuated in
either forward or backward novenent. 4. Controller 60
The controller layout is illustrated in Fig. 6. The
controller 60 is a circuit board which is 20 designed
according to the operational requirenents. Presently
the control paraneters are
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the stroke frequency and the total nunber of strokes.
The control command can be sent to the directiona
control valve 13 via an electric circuit together with
an OV OFF trigger 15 nounted on the handle 14. As the
trigger 15 is pressed down, the control command wil |
be activated to drive the injection rod 30 novi ng
back-and-forth with a preset frequency and 25 total
nunber of strokes. The feeding notion can be stopped
Cgﬁniequired when the trigger 15 is released to spring

ck and the control command gets cut off. The air
Inadys onthogeddict ragte dgliveripgtogli goaptisiagial control valve 13 is
al Sq c%grﬁﬁ &5 ﬁ]g ) Qrtho?aed}g}ﬁstlee“ air way is a route

for pushing the I njec rod forward and vice versa
f or athles in |ﬂgt¢t00@}munwat}0n withethepasterstoreskin thsrchpiabraedi ¢
paStaereéoQ/els ?&leaiemcaallldlpﬁl%(/ﬁgd and »\QﬁQJf diedchBYiber,
t he speci er 0 0 strokes. The feeding
f r equeneljich wo\heveqhed fognayetiornd frstpasifion frea Sreé@idSJPPH@P so that a
pressur t [ [ nd
Genor al Tt Py her PRaoy ol S8y e PR dold b dipshamber,
sl ower thisghe Paé@dqnt@gs the e émanenpapibyybetantiglly pquialent to a volume
" equi 1 &g feQhvalfie pBriSh b A0 RbvePhEReG LariOVE L e
i nj ector I ncrease. For a fast- settln%
ort hmesedmecmbplaslt @ntahTeWﬁfeémm@e ﬁiOEQS‘L}éﬁh,WC@W@m hish prayseg the
hi gher 2l P4 glﬂ{e %Hrq%r%o Qﬁﬁﬁ&féraesp%t@&%getpﬁ th@teGber when
accordingly ort hopaedi c paste
del | verthmgecpmmr meothpr issbeieg pall%ih%%éhe ﬁ%fpnétpewf iofy togfhe first
orthopgggh&lpaste a tube in fluid comuni cation with
the paste stored in the chanber; 5 a recovery nenber
novably received in a hole prOV|ded on a wall of the

2 CRIARRN a5 ML LR £AR 10RhQLR Meé&ex@w&ngef QM 8d havist a diameter

p05|t|on to a second position, so'that a portion of
t Hess thae 80 Eimgs ofantiner dipmetareaf thfabpast e stored in t he
chanber, and thus the paste enters the tube in an
anount substantlally equi valent to a volune  of th

3.i hadiohgs frdned rrlaim 2 maeielcthy Exdyhapa disgieter zmging drog 5 times of

p ':[l’f"eslﬁne?ﬁﬁpl%fer bithERBE AGalkrithant theinRe Hldhetdr OF 86 nibB. t he
anber, which presses the paste stored in the

chanber to elimnate a space created in the chanber

4. WABB tool REHREPH a¥m TEWRGEinite 126ds Aknibet s@hIdté SIMabIR Received in

second g05|t|on to the first ~ position.
the chamber, and one side of the plate is in contact with the paste stored in the chamber

and the other side of the plate is adapted to receive a positive pressure source.

5. The tool as defined in claim 4, wherein weight of the plate, the positive pressure source,

or both, contribute a drive to said pressing.

6. The tool as defined in claim 5, wherein the weight of the plate, the positive pressure

source or a combination of them are not enough to cause a significant amount of the

paste stored in the chamber entering the tube.

7. The tool as defined in claim 1 further comprising a driving means for reciprocally

performing the pushing and pulling of the recovery member.
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15 2. The tool as defined in claiml1, wherein the
recovery nenber is a rod having a dianeter |ess than
20 tinmes of an inner dianmeter of the tube. 3. The too
as defined in claim2, wherein the rod has a dianeter
ranging from5 tinmes of the inner diameter of the
tube to smaller than the inner dianeter of the tube.
20 4. The tool as defined in claim1, wherein the
press nmenber is a plate slidably received in the
chanber and one side of the plate is in contact with
paste stored in the chanber and the other. side of
8t hBhepPa't g fefingdjapelatn (o VhEER; %“‘ﬁfb‘a’srlf?'\?eww&e&ﬁ gneumatic
soyflig@er. 25 5. The tool as defined in claim4, wherein
wei ght of the plate, the positive pressure source, or
both, contribute a drive to said pressing. 6. The too

9aSA %fﬂo@@(q delivefih@h Pask copasifg the FhiRwMgisghpt: of the
plate, the positive pressure source ﬁr a conhi nation

of t1Hling aa?*@mh%ftwlg*r?o‘i?g‘ﬁ Wit whigla ke sty iid cemmInisH SN,

of tﬂ?@ssmé@h@ﬁ’a%fe@n heOEHRMbENWENEG pedIqiD @hic8NE @6t diGudh® cause a
t ube . The tool as defined in claim1 fﬁvtuer

conpri sﬁlgi’gﬁoémoﬁn}‘\‘/‘l“rfﬁ theengpfs 1Y 1B ChagdpntEiag
per fr@é@ﬂoé@lyéﬂﬂ@hlﬂ#ﬁ hrbcﬂﬂe Nelerbsr [t Me/28d tHehRuste €6 Qfo—‘Ehémber and
nmenber he to as defined in claim7,

wher ei rPulgisdhg F‘l"%‘f“l‘f’greﬁ%"éﬁ’sm%hﬁ fif gesh %I“B‘?i’est‘j’rf Tt'ﬂ&e paste enters
cylindege tibeSin o Mﬁpguﬁsﬁﬁtlﬂ@ dquRAleftgtoda paﬁhe of an 1nvad1ng
conprising the follow ng step fl|é§ 9

a past R ¢ Dhrechver fgmeer, %S a} Fesyly ofi ch‘f?ﬁ“ﬂ ttf‘?frf‘ Space
pressi NGedddqn BRThSbR bl Bad 9mﬂ@ﬁrellﬁ\lﬁrfaf&d&s RER6IS Uf Qid pressmg,
whi ch is not enough to cause ni ficant aw%smd&%e

the pasié thus thepaste dhpdiz ?ft‘é?‘?“ﬂ@“ Kdelivgpsd;thro

reci procal l'y pushing a recovery nmember to |nvade t he
aste in the chanber and ﬁﬁ‘pu ling the i vadl %ﬂll
19- g veshodvendrdined i ¢l nyhger DS EoPYERt T aving a

enfifhcter IdsHBat DPEmMEILIAN iMBOAURhetSIIHeaitel al | y eqU|vaIent
to a volune of an invading portion of the recovery

nmenber as a result of said pushing, and that a space
1 Cr@ehihol As EdTRe€ hasdiar 0pyheédh dxem;ﬂ hds B @lidnfete® kanging artoeas times

[t d th t
F e hetimp@impier b R Rrg e S e %ws{%aﬁf"ﬁasu
tube. 15

12. The method as defined in claim 9, wherein said pressing is carried out by using a press

member slidably received in the chamber, wherein one side of the press member is in
contact with the paste stored in the chamber and the other side of the press member is

adapted to receive a positive pressure source.
13. The method as defined in claim 12, wherein said press member is a plate.

14. The method as defined in claim 13, wherein weight of the plate, the positive pressure

source, or both, contribute a drive to said pressing.

15. The method as defined in claim 9, wherein said reciprocally pushing and pulling driving

is carried out by using a pneumatic cylinder.
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10. The nmethod as defined in claim9, wherein the

recovery nenber is a rod having a dianeter |ess than

20 tinmes of an inner dianmeter of the tube. 11. The

nmet hod as defined in claim 10, wherein the rod has a

di aneter ranging from5 tinmes 20 of the inner

di anmeter of the tube to smaller than the inner

di aneter of the tube. 12. The nethod as defined in

claim9, wherein said pressing is carried out by using

a press nenber slidably received in the chanber,

wherei n one side of the press nenber is i cont %ﬁt .
to invade

1% The mpiBopassdedingd Bredaim; S WA INCIR SR e TRFRYFE SOt

Si gg pafe HlAR MEBES WIBBR htedis: the Bibad@Resid poshigcei ve a
positive pressure source. 13. The nethod as defined in
claim12, wherein said press nenber is a plate. 14.
I?h?hé'rrﬁétﬂ&ﬁas%ﬁ%flh pigth o Mwieledl idlshste WEhRIRpMiedixt@é having
the pl ate, ositive pressure 30 source, or both,
coﬁmql%@tséhcbf at!‘P Y eoluge §"a‘iﬂ&b?ﬂ‘ 844PAY. 15. The nethod as
defined in claim9, wherein said reC|procaIIy pushlng
and pulling driving is carried out by usin

18nEmmethed @sydefipegein clajm % whgreiniid nege mvg@ua éﬂ‘i"ﬁ SepriFing a
Cl Aithdic MR TE WhichBha ViROOWEEYatsFRIEAGbOUt SOPEHRESse! O

i nvade the paste in the chamber without entering the
tube during said pushing. 5 17. The nmethod as defi ned

in claim9, wherein said paste is a |iquid-powder

m xture having a liquid to solid ratio by volume from
about 0.1 to 10. 18. The nethod as defined in claim?9,
wherein said paste is a viscous liquid conprising a

pol yneric material, which has a viscosity greater than
about 500 centi poise. 10 13



