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br eaki ng exrb ol the cast is determ ned. by bending a
sanpl e of the materi al untrl t he sanpl e breaks The material should be.
capabl e of bendi ng’ 10,000 tinmes before breaking to be an acceptabl e cast
mat er®al . 60 The orthopedic cast material can be oriented by stretching
it while it is warmed to a tenperature below its nelting point and cooling

[t:while it is inits stretched condition. Wen in tubular shape, the

ariented material can be placed on a |inb and heated whereupon the material | |

- shrim€s into place about the linb. O course, care nust be taken that the
tubul ar material 'is | ar ge enough and/or the extent of shrinkage i's so -

controlled that circulation is not cut off. The oriented material, in tube,
sheet .or strip form also can be 65 placed over and shrunk on a previously
har demed cast to give a neater, snoother surface, if desired. 5 - EP 0138 |

. 354 Bl The heat needed to rai se the tenperature of the crystalline

poyur et hane polymer in.the cast material to render it deformable into a
- cast can be applied in any manner. The preferred manner. is to use a

- thermmstatically controlled heat gun, water bath or oven although in sonme '}

cases an ordinary heated-air dryer can be used. The cast can be first
heated and then put on, or first put on and then heated and held in 5
place while it cools and sets. The products of the instant invention are
fornmufpated-to be flexible, after heating, at tenperatures which are
confortable to the human body and the remain flexible at these tenperatures
for a sufficient tine so that a cast may be fornmed to i mobilize the
fracture linb or brace the injured body may be nol ded or shaped on the
body. 410 Therefaore, the cast material can conveniently be heated to
tenperatures as lowas [err] to [err] and when flexibilized, the cast
material is manually nol ded-into the gesired shape and cooled to set'its
shape. O course if a flexible base is. used, it should be chosen so that
;;rthe fexrble cast naterral can be nelted mrthout deconposi ng or damagi ng t

hurt or be unconfortable 15 to the skrn AIso
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imel1 ng point of (g

{ductile failure. The sanples containing nore than 609

i

~

20 «are. by weight and all terrperatures are on the Centrigrade scale. Exanple

1 A'séFes of castfornulations-were prepared with varying percentages of
itotal filler with a pol yuret hamtﬁ% 133@3’11_@{ the foll owi ng conmpositi '
reaction

The pol yurethane resin is a_ l:1.nolar product 25 pol yhexanet

1gl ycol. adi pate (averege nol ecul ar weiTasLe L, 000- 3, 000); and net hyl ene Bf'$ '

(4- enyl liocyanate). The unfill ede pol yuret hane resin has a crystalf\
rl and a n aver age | ecu s Wej of 79, 000

pol yurgt hane is a rﬁ)erﬁrlrpr-ri ally A’\‘/“g’% able 9.::@9"!1{“ oe gt —The filler

consi sting of equalg wei ght of wohl astonite and novaegi igzy For each filler

| oadi ng, a sanple was prepared with a titanate coupli ng4 agent ("A" sanples

in Table 1) and withd8t the titdfate coupling 30 ag®ht’®The set tinme, or

the time for the cgst, to rehardgy, is determ ned b¥5ﬂ§@ﬁ“” ng the Shore a

{pur onef%r hardness of the cast ‘material after heating in water at [err].
IThe cast is set whenanhe Shore Ddroneter hardness neaedns a val ue of 80.

The modul us of the material was determined by the grocedure set forth in
ASTM.D790 at [err]? Phe results ¥re shown in Tabl e3%%2#e failure of the
sanpl e#® cont ai ni ng mype than S0%filler was brittl gg.gﬁi,g,ure rather than
ototal filler are 35
considered to be tmodorittle to B8 usable as a cass3.z@edrial. The sanples
containing less than 30%total filler have set tinmes of ten mnutes or _
more, which is not adeptable. 46546 50 55 60 65 6°%°E 0138 354 B1 TABLE

QZ} N 11 | 27.1 (187) 1A | 10.
12273 (154) 10 5A 10 2 6 14 7141 (490)

135.4 (284) 2A 14 | 40 7 (281) 20 3 -

o 50 6 39.0 (569) 15 3A ‘29'389110 R
139.9 (275) 30 4 6A . 75 166 737)33. 2 (229) 20

4A 7.5 - 52.9 (365) 40 5 -

78.7 (543) 5A 60 7 6 4 172.70,188)( 490) 25 50 6

5 - 129.3 (891) 6A .

115.6 (737) 30 7A 60 7% 4’85'§“'m’

172.3.(1,188) 7A 70 8 4 38 o 1665 (1.8385. 9( 1,282) 70 8
B.5 | 166.5 (1,837) 35 8A N '
039.0 (1,648) 80 9 8A coul @5not mi x 40 ExanP?PR0 (164¥not her series of

fornul ati ons were ﬁgegoared each SPnkai ning 50%total fillers. The filler
fontained from 0%Lo 10009 | ' =g filler .

pei ng wpl | astonite. The resin was the same as in Exanple |I. The sanples

- Jwere tested for bendi ng nodul us and t lgrampiiper of flexes to failure. The

N~ 45 are shown in Table Il.

bne end ofirom 03%'to 1003 nauacits intherfiler, tha yemalning fileryping wellastaniter Thresinyrag thesame »s o

resul ts 45 aamtiehsunes bfforfmiitians| were drepardd @xh captairing S0Mstopbfilfers: Fhedfilles coptained ng -
re. The resuits '

Example |. The samples were tested for bending odulus and the n

The flexing test is performed by placing one end of a 1" X 3" (2.5 X 7.6 cm) §ample of the materialina
clamp in a horizontal position and bending the free end of the sample appr_oxlr_nately. ¥{1 _.3_cml_:up and
down at 60 cycles per minute until the sample breaks. Although sample 10, 30% Novacite, wnII]stood more

. than 10,000 flexes, the bending modulus failure was a brittle failure and this sampie was considered to be

50 unacceptable for this reason.




clanp .in"a. horizontal position and bending the free end. of the sanple
approximatelyr (1.3 cm up and down at 60 cycles per mnute until the
sanpl e breaks. Although sanple-10,. 90% Novacite, w thstood nore than 10, 000
fl exes! the bending nodul us fai IEPO138 358/ Bt i failure and this sanpl e.—
was considered to be 50 unacceptabl e {-&gLquhl s reason. 55 60 65 7 EP

138 354 B1 TABLE 11 Bendi ng Fl exes to Sanpl e % NovAci te
nodul us Fai l ure psi (Imm)ngl # Rlexes to 109, 0Q0
(752) 4, 5wk % Novacite]) modulus 141, 000 F&iR®)

20 111, 000 (°765) 5,000 4 (MPa) 30 127, 000 {87
1,350 1 5 40 130, 000 PB96) 10, 000 6

140, 000 (965) 110, 000 2§ 109,000 (752) 7 4,500 60

130, 00Q (896) 11, 000 8 70 _ 124, 000 (855)

10, 000D ' 80 2 1239000 (&upo (972) 14, a5% 26 10 90

112,000 (772) 500 11 0 (800)

8,500 30 Clains 1. A t%erm)pl aS%I C caslt 00& er| al havi ngoélpsoftenl ng
tenperature of from[e4r] to [aor] anqizma;bﬁ)e of 35 re@sgystallizing to
forma'™igid self supporting cast within 10 minutes of being softened
conprising from 40% t0570% by #&i ght 90980 E#stal | ine B8Myuret hane pol yner
‘and 30%to 60%of a fitler, saig filleg |S|ng fr HP&p%to 60% of

wol | astonite fibers ha%/l ng a Iesﬁgth to- C?Bg(r%ft’er ratloqo from3:1 to 20:1
and frém 40%to 80% of7novaci t @i n t he3ofooo (8s6)f partlcl1e,90d1aV| ng a di anmeter
of from1l to 10 mcrons 2. The cast material. of Caim1l in which the
Bekyur et hane resin has®a nunber®aver alR#MB(883u ar wei JAPY%0 bet ween 25, 000
and 100, 000. 3. The cagt materiggl of ' or Cl ai my2ebdd Which the filler
contaims 0.25%to 1% g§ wei ght Isgf [ so;%s?gy Bl“t”ri (di oc't@'%yropho.sphat 0)
titanate. 4. The cast tomteri al sof any1m0e0 #72)Cl ai ns 1 18083 in which the
total filler is present in an anmount of 50% by. wei ght of the conposition.
45 5. The cast material ofany oh ’6508?(8@9’a| ms 1 to®2% n which the
filler sgonsists of 0% by. wei ght
of novacite. 6. The cast nateri al of any one of Clains 1 to 5 in which the
pol yur et "&A®Sr esin in the reaction product of pol yhexamethyl ene gl ycol-

adi pate haviy G il Bl Fhod B of e st o SO B ABeble of
et hyl Q@embrwgﬁﬁlnyngp\{ ‘Et rﬁ?%ﬁg&ﬂ w:thu: 10pn1t i\ﬂedj)&geiﬁ s&f{%ﬁed?ﬁﬂpnaigﬁ é:’:gai
of any oné%to ideelbm_weight of Bcwaamdma Pgiyueqisena tpolymen Bnda30%H Ita 0% obiadfiller, said filler

pr ot ect i v@"!mlﬁ'eﬂ flom20) gp@ﬂ% efrwqﬂpﬂerr-te@mm gleqgtito-digmet ’??thﬁffﬂm "ﬁ&"Rﬂng

i l;&m it
a Spl At Q% ﬁq:*na?lm%q«wvg'hléitre gﬁll'?angﬂy nﬁ wbm@g%@i &%log%g Welght
corrprlgbnw an one o
tenperature Saﬂ’hd/\&lschatbﬁal lof CRi 1 0P CRIAGD i whﬂeimrﬂnbamtairheizsue:oam &y eight of
war m.ng tisepropybtri (mactﬂmvwhhosntitdltimgatb-he material to conformto the surface

‘shhpe of hd- e cegmatesiphof praviane gfClaimn i Feciin Which e faipl fliRsinpresartdn fmueb?ﬂsp?ﬁg

e mater PAYed °m:m
Qlaim maaﬁﬁ?&%wslaaamz O L Ak BRIl Sl o R, BBl e
by mlling @&Tiezbse nd&nalraganytonabf Gaime! ©8ar wiiic thapalywdthane resindititha gpattop phadutbter

to the fqu><n1y %ﬁ!‘!ﬂem alied! sﬁaqs# hgmwanfmmhgwtenéarrwhttoafwmm & #M%andne

desire al o an(rg)l% bl%‘?n 5‘ ﬂ tl%rp{gaf% 139 ngee [)l%teg{lve
gr anul es gf,e,j @ppg,&y,s ,mgpgagcy&re ane po ymer/

- 8. A method of makmg a splint, brace, protective shield, support or other orthopedlc cast, comprising .
warming the cast material of any one of Claims 1 to 6 to a temperature at which it is soft enough to deform
and, before or after warming the cast material, moiding the material to conform to the surface shape of the

s5 relevant part of a human or animal body, and then cooling the material.

9. A method of preparing the cast material of any one of Claims 1 to 6, comprising:

{a) fluxing the crystailine polyurethane polymer by milling or calendering it at an elevated temperature,
adding the filler to the fluxing polymer and shaping or forming the resuitant biend into the desired
configuration; or

60 (b} dissolving or dispersing powders or granules of the crystalline polyurethane polymerffiller blend in
solvent, casting the resultant mixture on a hard impermeable casting surface to form a sheet or film or
spreading the mixture on a flexible base or substrate and drying it; or

{c} dusting a base web or sheet with powders or granules of the crystalline polyurethane polymerffiller
blend and warming the blend to a temperature at which the polymer meits and coalesces on or in the

&5 surface of the base to form a coating or impregnation.




sol vent, casting the resultant mxture on a hard | mper-neabl e casting
surf’aé\e/to forma sheet or filmor spreading the m xture on a flexible base

or substrate and drying.t,; base web or sheet with povvde S
or gr anul es of the crystal I Ln@éo&ﬂmgﬁg%‘?pol ymer/filler blend and '
warm ng the bl end to a tenperature figghi ch the polymer nmelts and cdal esf

on:-or-in the 65 surface of the base to forma coati | npr egnat fon.
EP ‘6’\138 354 TABLE |1 Bending . Bending # F| exes#r% to

Sanpl e % Novagdniple  féoNayaeity ~ modulus Failure & psi . (MPa) \L

0 5 109,000 3 7, 5093510 (MPa) 2

141, 000 (972) 4,500 3 20 111, 000 (765)

5,000 4 30 4 1279000 ( 805000 (752) 1, 45% 5 - 40
130, 000 (896) 10,000 6 - .14 0 (965)

10, 000 20 z 710 M4 %’8‘95'9’_ 130, 88%9(896)

11,000 8 (2)146 000 (1$5§°b(755) ' 105000 92 80
- 123,000 (848) 14, 000 25 90 112,000 (772) _
12, 500. 11 . 1oq 1506, ooo 12B0M)(876) 8% 30 cains 1. A

-t herrmpl astic cast material havi ng a g%t(& ng tenpejgyopir € of from 450C to
85C and capabl e of 3% recryst%ﬂ i zi n m a rigid self supporting cast
. within 10:m nutes of Jeing so]&; ened 0,600'6% Ng from WOt o 70% by wei ght of
a crystalline pol yurethane polyner and 30%to 60% of iller, said fil I er
~conprigging from 20% t 60% of sawol | ast39m(§93?| bers hav‘alﬁé
+tength=to-di ameter ratio of " ftom 3: 1 855} and fron@ﬁa%to 80% of
r@yamte in the form®f partlz(?es hal ‘ng a dianeter of from1l to 10
- nicrons: 2.- The cast gaterial gof C aizsodo isa8)whi ch t h&48! yur et hane resin
has a jgunber - average nol ecul ar wei ght 40 between 25 ggooand 100, 000. 3. The
.cast material of Clain1l or Coeaim2 1RM7EH the fill contains. 0.25%to
1% by wei ght of isopropyl tri §d| oct;“eogg agﬂhosphato)a'!stmtanate 4. The cast
raterial of any one df O ai ns'® to 3 |chthetotal filler is present
~.in an grr__ount of 50%-by—wei-ght—of—tte L,UIIpOSItI_ on. 45 5. The cast material -
of any one of Claims 1 to 4 in which the filler consists of 50% by weight °
of woll aztaimsé t e fi bers and 50% by wei ght - of novacite. 6. The cast erjal

of any one of O aing 1 e st;ftbﬁn@léinymtdwﬁ r4§ jtp 85° and @ tIOI’l..
~product_ of ki Q°§z, {g"?;'at' gjgyem adl\pmrewrmwtﬁ of wm‘"ﬁ

wei ght *ofaoty 1 Hod igitt of alddBtatiing pnhﬂ! rathpney ol e % ratRPS YroRed: Eto. 2050

- 7. The usda i‘suﬁdrﬁmcm %eqflwalla mﬁsﬁv otar df Grord 1it6 10 imizrons.

pr epar at i and frefn 4& g;é'?:g‘ r\;ﬁam roein rels d nurshepperage mplegias weight

ort hopedi c_éd¥gca ng a splint, brace, e

suppor.t? ¢ ?cagr ﬁm QaifaBbr, cmmrmml \shwhgt“air Pﬁ'r‘?@“‘f'ﬂ%o 8’-{}@% % &{M
- any one ¢ i tAldidetyl Pyroptiosprata) titanate. o ﬁs&@fta emurgbfm
deform aﬁ%° 4ﬁ'gfe@ase'mterl;!f°t%w%?frﬁﬂ'fb’1['ﬁ§ '%ﬁﬁf“‘“ngitﬁ?"éf""’m ding the mat it e i aI
o, conf Or“’mm'@hgmp&gg%‘%@ P Lialntiter &% inokieehans ﬁmmonsms of SAtriyrwveight ©

~ani nal “®od e{} Geiphf Aovaate al . 9. A met hod O.f glgg,_ruw o&&?

cast mat el"?;' THe aﬂﬁteaa%fﬁi‘voﬁieﬂqmﬁ 8 "’6”'“ rﬁg mm 803,000 @nd
crystalli ae,ﬁkﬁﬁfeﬂﬂhmewmwm hayingAY) ‘1"P"ﬁ§e B‘P?aﬂ A ng it at an

el evated - ignepbis| (4epheny <4 16 51 tHelpreparationob b spkBY bragedPreweiyP ng
or. fOrnson il @“’r‘@% Itmwgﬁfou&emﬂ esfl re(t:I econf| uratlonbc.(g{ §iorising b)

“di.ssol.vi n ﬁf‘mo' OS] sracd) profect mu#*m&d gypppR ar ot t%gﬂzf; fough todeform "
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