
EP 0169 037 B1 Description This invention relates to thermoplastic
compositions, especially for use as orthopaedic splinting and casting
materials. 5      In many cases of injury or disease, it is desirable to
immobilise or support the part of the body affected. A well known example
is the use of immobilising casts to aid the healing of broken bones, but
splints and casts are also used to immobilise inflamed or injured joints,
and to support strained or sprained ligaments or muscle. Splints and casts
are also used after orthopaedic surgery. Traditionally, plaster of Paris
has been used as a splinting and casting material in such cases. However,
io plastic splints and casts are heavy and cumbersome, slow to dry out, and
are relatively easily damaged, especially by water. Moreover, they are only
partly transparent to X-rays, so that it can be difficult to monitor the
progress of bone injuries which are immobilised in plaster. Plaster splints
have the additional disadvantage that progressive correction of the
deformity is not possible without the construction of a fresh splint for
each correction. The facility for progressive correction is especially
desirable in the serial splinting 15 of certain orthopaedic deformities. In
order to avoid these disadvantages, synthetic thermoplastic resins and
compositions have been used as splinting and casting materials, but these
are not without their problems. An article by R.G. S. Platts in
Bio-engineering in Britain, British Health Care & Technology 1975, entitled
"Orthotics - Today and Tomorrow" describes the early types of thermoplastic
splinting and casting materials. These materials, such 20  as polyvinyl
chloride (tradename - Darvic), polypropylene (tradename - Vitralene),
acrylonitrile (tradename - Flexidur), polyethylene (tradenames -
Vitrathene, Ortholon, Subortholon) are classified as high temperature
thermplastics, as the materials possess melting points in excess of 140 C.
This high melting point precludes the possibility of moulding these
materials directly on the patient's skin as severe burns would result.
These materials thus require the use of positive plaster casts of the
affected part, to allow moulding 25 and the use of large ovens for
softening the sheets. The construction of positive plaster casts is a
particularly laborious and time consuming process. To overcome these
problems and disadvantages, it is desirable in such a splinting or casting
material that it can be softened by exposure to air or water at a suitable
temperature (for example at [err]), while at the same time remaining
manageable, so that it can be shaped directly on the patient's skin, to
give 30 accurate support to the part of the body which is to be
immobilised. On cooling, the casting material should harden again, without
any substantial change in shape. With large applications (for example,
functional cast braces for the management of long bone fractures of the
tibia, femur, humerus or forearm bones), where firm compression of the
injured extremity is essential, it is important that the splinting or
casting material is not too stretchy when in the softened state, or
compression cannot be applied. It is also desirable in large 35
applications to have a relatively long setting time to enable full and
detailed moulding and shaping to be carried out, before the material
hardens. It has proved remarkably difficult to obtain synthetic
thermoplastic splinting and casting materials which have these properties. 



British Patent Specification No. 1366091 discloses synthetic resin casting
materials based on cyclic ester polymers, and especially
poly(epsilon)caprolactone. Polycaprolactone of suitable molecular weight
has 40  a convenient melting point of about 60 C, but above this
temperature the polymer melt is a very soft tenaciously adhesive, mobile
semi-fluid which is very difficult to control during handling and cutting.
The additional of a filler gives more body to the polymer melt and reduces
its adhesiveness, but the resulting blend tends to be inflexible and may
crack when bent through a large angle. A leaflet published by Interox
Chemicals Ltd., (Luton,Bedfordshire, England) proposes crosslinking 45
polycaprolactones by the addition of 1 to 10% organic peroxide. The
resulting crosslinked polymers are suggested for use as heat-shrink
materials, adhesives and in "orthopaedic applications". However, the
products are also said to show an elastic memory which is highly
undesirable in a splinting and casting material, as detailed moulding is
only possible just as the material finally hardens. Crosslinked
polycaprolactones are also disclosed in United States Patent Specification
No. 4240415. In so this case, the crosslinking is effected by electron
bombardment of the polycaprolactone. Splinting and casting material
manufactured in accordance with U.S. 4240415 is commercially available
under the trade name Aquaplast. It has been suggested that this material
has a number of disadvantages, including some elastic memory, too much
stretch when molten, and too short a setting time. An alternative approach
to rendering polycaprolactones more suitable for use as a splinting and
casting 55 material is disclosed in British Patent Specification No.
2015004 A. This specification teaches thermoplastic compositions comprising
from substantially 70 to substantially 80 parts by weight of a
poly(epsilon)- caprolactone, from substantially 5 to substantially 20 parts
by weight of a predominantly cis-1.4 polydiolefin and from 0 to
substantially 10 parts by weight of an ionomer, the total of such polymeric
materials being 2    EP 0 169 037 B1 100 parts by weight, and as filler
from substantially 10 to substantially 30 parts by weight, per 100 parts by
weight of polymeric material, of a silica or calcium silicate. A
composition in accordance with GB 2015004 A is also available commercially,
under the trade name San Splint XR. It has been suggested that this
composition is too stretchable. 5      We have now devised a thermoplastic
splinting and casting composition which has a desirably long setting time,
and which has a low degree of stretch in the molten state. Moreover, the
composition does not display any significant elastic memory, adhesion
between layers of the material is good, and it has an improved flexural
modulus and flexural strength as compared with other commercially available
splinting and casting materials. 10     According to the present invention,
there is provided a thermoplastic composition having a polymeric component
comprising a crosslinked mixture of a polycaprolactone and a thermoplastic
rubber, together 



with a filler, the polycaprolactone and thermoplastic rubber being present
in the composition prior to crosslinking in a ratio of from 4:1 to 1.5:1.
Preferably, the polycaprolactone is a poly(epsilon) caprolactone. The
molecular weight of the poly- 15 caprolactone used will usually be at least
10,000 and more preferably at least 25,000, for example 45,000. Suitable
polycaprolactones are available under the trade names PCL 700 (Union
Carbide Corporation) and CAPA 601 M (Laporte). The thermoplastic rubber
should preferably have a relatively low softening point, for example below
100 C. Styrene-butadiene-styrene and styrene-isoprene-styrene triblock
copolymers are particularly suit- 20  able for use in the compositions of
the present invention, but other thermoplastic rubbers having a suitably
low softening point may also be used. Such other thermoplastic rubbers
include ethylene-propylene-diene rubbers such as Vistalon 3708 (Essco
Chemicals) and Dutral 535E (Motedison). Trans-1,4-polyisoprene is a further
example of a thermoplastic rubber which is suitable for use in compositions
according to the present invention. 25     Examples of commercially
available styrene-isoprene-styrene and styrene-butadiene-styrene triblock
copolymers are Cariflex TRI 107 and Cariflex TR1 102 (Shell Chemicals)
respectively. Of these two Cariflex rubbers, Cariflex TR1107 is preferred.
because it yields splinting and casting compositions having a longer
setting time. The proportion of polycaprolactone to thermoplastic rubber is
from 4:1 to 1.5:1. If this ratio is higher 30  than 4:1, the composition is
rather stiff and difficult to process, and rather soft in the molten state.
At a ratio below 1.5:1, the composition has reduced adhesion and a shorter
setting time. It is particularly preferred that the ratio of
polycaprolactone to thermoplastic rubber is from 2.5:1 to 1.5:1 by weight,
for example 2:1 by weight. The ratio of polymeric component to filler may
conveniently be varied from 5:1 to 1:1. At a ratio above 35  5:1, the
composition is more difficult to process due to its stickiness, and at a
ratio below 1:1, the stiffness is somewhat too high, and the material has
relatively poor resistance to stress cracking. Preferably, the ratio of
polymeric component to filler is from 3:1 to 2:1, for example 2.5:1.
Crosslinking of the polycaprolactone and the thermoplastic rubber can be
achieved by a variety of methods, such as by means of ionising radiations
or by means of chemical free-radical generators. Organic 40  peroxides are
the preferred free-radical generators, and benzoylperoxide is particularly
preferred. The organic peroxide may be added to the composition as a
mixture with a plasticiser such as phthalate plasticiser. In the
compositions of the present invention, it is generally desirable to
crosslink the polycaprolactone and the thermoplastic rubber to a lower
degree than that hitherto proposed for polycaprolactone alone. 45  When an
organic peroxide such as benzoylperoxide is used, it is preferably used in
an amount from 0.1% by weight to 1% by weight of the polymeric component,
and more preferably from 0.1% to 0.6% by weight. If less than 0.1% by
weight is used, very little crosslinking effect is observed, whereas if
more than 0.6% by weight is used there is a tendency for the
polycaprolactone/thermoplastic rubber mixture to become too 



rubbery, leading to elastic memory effects, and poor moldability. 50
When benzoylperoxide is used as the crosslinking agent, the crosslinking
reaction is preferably carried out at elevated temperature for a period
between 1 minute and an hour. Particularly preferred conditions are a
temperature of from 110 to 120 C for a period of from 5 to 15 minutes, e.g.
10 minutes. The filler is used in the composition of the present invention
mainly to reduce the tackiness of the melt during processing. It also
serves to retain some heat, thereby extending the setting time. Talc is a
55  particularly good filler which controls the tackiness of the
polycaprolactone melt, but it does tend to reduce adhesion in the finished
splinting and casting material. In order to avoid this, the filler
preferably consists of or includes a silica or calcium silicate, which
improves the adhesion of the finished splinting material. Some improvement
in the flexural modulus and flexural strength is also observed, since
silica has some    EP 0 169 037 B1 reinforcing properties. Preferably, the
filler includes some talc and some silica, for example a 1:1 mixture of
talc and silica by weight. If silica is used as a filler, it preferably has
a particle size less than 50 nm, and more preferably less 5  than 25 nm. A
particularly suitable form of silica is available under the trade name
Aerosil 130V. Aerosil 130V is a fumed silica which has a particle size of
approximately 16 nm. It will be appreciated, of course, that other silica
fillers, such as clay or powdered slate, could also be used. Similarly,
other inorganic fillers, such as calcium carbonate, could be used in place
of the talc. The composition of the present invention may if desired be
rendered opaque or coloured by the 10 addition of one or more pigments. For
example, the composition may contain titanium dioxide. The amount of
pigment added will usually be from 0.1 to 10% by weight of the composition,
and preferably from 1 to 8% by weight, e.g. 4% by weight. It will be
appreciated that more than 10% by weight can be added if desired, but it
will usually then be necessary to reduce the amount of filler used by a
corresponding amount. 15     A minor amount (e.g. less than 1% by weight)
of an antioxidant such as a hindered phenol antioxidant, may also be
incorporated in the composition of the invention. A suitable antioxidant is
ICI's CP antioxidant. The antioxidant is preferably added after the
crosslinking stage to avoid inhibition of the peroxide free radical
reaction. The various components of the composition according to the
invention may be blended in any order, 20 but the antioxidant is preferably
added last after crosslinking has taken place. For example, the filler may
be blended with the polymeric component either before or after the
polymeric component has been crosslin- ked. For ease of mixing, however, it
is preferred that the filler be blended with the polymeric component prior
to crosslinking the latter. A particularly advantageous procedure is to
blend the polycaprolactone and 



the thermoplastic rubber at about  [err] with approximately half of the
fillers and pigment in an internal 25 mixer or 2-roll mill. When this mix
is blended, the remainder of the filler is added. When this is well mixed,
the peroxide is added and the temperature raised for crosslinking to take
place. A thermoplastic composition according to the present invention is
now described in the following Examples. 30 EXAMPLE 1 A mixture of the
following ingredients was compounded together using a 2-roll mill, in two
stages as described above: Parts by weight LaporteCAPA 601 M
polycaprolactone                                 1000 Shell Cariflex TR1
107 styrene-isoprene-styrene triblock copolymer  500 Italian 00000 talc 250
40           Aerosil 130V fumed silica
250 Titanium dioxide ADM                                                 80
Interox BP 50 FT benzoylperoxide (50% w/w with phthalate plasticiser)  7.5
Crosslinking of the polymeric components was completed by maintaining the
blend at 110-120 C for 10 minutes. The resulting composition had a melting
point of 58 C and was well suited for use as splinting and casting
material. The composition of the above Example was compared with a similar
composition containing no benzoylperoxide, and with commercially available
casting compositions, by means of standard methods for determining
hardness, flexural modulus, flexural strength and overlap cohesion. The
results are shown in the Table. A significant increase in setting time is
seen to be obtained by means of the crosslinking reaction. The flexural
strength of the composition according to the invention is also seen to be
considerably greater than any of the other materials tested. 55 EXAMPLE 2
Example 1 was repeated with the following mixture of components:- 4    EP 0
169 037 B1 Parts by Weight Union Carbide PCL 700 polycaprolactone
1000 Shell Cariflex TR1 102 styrene-butadiene-styrene triblock copolymer
500 5         Italian 00000 talc
500 



Titanium Dioxide ADM                                                80
Interox BP 50 FT benzoyl peroxide (50% w/w with phthalate plasticiser)  9
The composition obtained was compared in physical properties with a similar
composition to which no 10 benzoyl peroxide was added, and the result are
set out in Table 2. EXAMPLE 3 Example 1 was repeated with the following
mixture of components: Parts by Weight Union Carbide PLC700
polycaprolactone                             1000 20        Esso Chemical
Vistaion 3708 ethylene-propylene-diene terpolymer     500 Italian 00000
talc                                                 500 Titanium Dioxide
ADM                                                80 Interox BP 50 FT
benzoyl peroxide (50% w/w with phthalate plasticiser)  4.3 25     Again,
the physical properties of the resulting composition were compared with a
similar composition which had not been crosslinked (see Table 2). The
composition according to the invention is seen to be improved in setting
time and other physical properties, as compared with the non-crosslinked
composition. 30 35 40 45 50 55 5    EP 0 169 037 B1 0 CD
[err] 55 6    EP 0 169 037 B1 [err] 55 Claims 1. A thermoplastic
composition having a polymeric component comprising a crosslinked mixture
of a polycaprolactone and a thermoplastic rubber, together with a filler,
the polycaprolactone and thermo- 



7    EP 0 169 037 B1 [err]    EP 0169 037 B1 plastic rubber being present
in the composition prior to crosslinking in a ratio of from 4:1 to 1.5:1 by
weight. 2. A composition according to claim 1 wherein the ratio of
polycaprolactone to thermoplastic rubber prior to crosslinking is from
2.5:1 to 1.5:1 by weight. 3. A composition according to claim  1 or claim 2
wherein the polycaprolactone is a poly(epsilon)- caprolactone. 10 4. A
composition according to any preceding claim wherein the polycaprolactone
has a molecular weight of at least 10,000. 5. A composition according to
claim 4 wherein the molecular weight of the polycaprolactone is at least
25,000. 15 6. A composition according to any preceding claim wherein the
thermoplastic rubber has a softening point below [err] 7. A composition
according to any preceding claim wherein the thermoplastic rubber is
selected from 20     styrene-butadiene-styrene and styrene-isoprene-styrene
triblock copolymers, ethylene-propylene-diene rubbers and trans-1,4
polyisoprene. 8  A composition according to any preceding claim wherein the
ration of polymeric component to filler is from 5:1 to 1:1 by weight. 25 9.
A composition according to claim 8 wherein the ratio of polymeric component
to filler is from 3:1 to 2:1 by weight. 10. A composition according to any
preceding claim wherein the filler is talc, a silica or calcium silicate,
or 30     a mixture of talc and silica or calcium silicate. 11. A
composition according to claim 10 wherein the filler is a mixture of talc
and fumed silica having a particle size less than 50 nm. 35  12. A
composition according to any preceding claim further comprising one or more
pigments in an amount from 0.1 to 10% by weight of the composition. 



13 A composition according to any preceding claim further comprising a
hindered phenol antioxidant in an amount less than 1% by weight of the
composition. 40 14. An orthopaedic cast or splint comprising a composition
according to any preceding claim. 15. A method of making a thermoplastic
composition according to any of claims 1 to 13, comprising combining a
polycaprolactone and a thermoplastic rubber in a ratio of from 4:1 to 1.5:1
by weight, 45     together with a filler and a crosslinking agent. 16. A
method according to claim 15 wherein the crosslinking agent is an organic
peroxide. 17. A method according to claim 16 wherein the organic peroxide
is benzoyl peroxide. so 18. A method according to claim 17 wherein said
benzoyl peroxide is used in an amount from 0.1% to 1% by weight of the
polycaprolactone and thermoplastic rubber. 19. A method according to claim
18 wherein said benzoyl peroxide is used in an amount from 0.1% to 55
0.6% by weight of the polyeaprolactone and thermoplastic rubber.
Revendications 8    EP 0 169 037 B1 1. Composition thermoplastique
comportant un composant polymere qui comprend un melange rdticuI4 d'une
polycaprolactone et d'un caoutchouc thermoplastique, ensemble avec une
charge, la polycapro- lactone et le caoutchouc thermoplastique etant
prdsents dans la composition avant reticulation dans un rapport ponderal de
4:1 a 1,5:1. *5 2. Composition selon la revendication 1, dans laquelle le
rapport de la polycaprolactone au caoutchouc thermoplastique avant
reticulation est compris entre 2,5:1 et 1,5:1 en poids. 3. Composition
selon la revendication 1 ou 2, dans laquelle la polycaprolactone est une
poly(epsilon) 10     caprolactone. 4. Composition selon l'une quelconque
des revendications prec~dentes, dans laquelle ia polycaprolactone pr6sente
une masse moleculaire d'au moins 10.000. 15 6. Composition selon la
revendication 4, dans laquelle la masse mol6culaire de la polycaprolactone
est d'au moins 25.000. 6. Composition selon l'une quelconque des
revendications precedentes, dans laquelle le caoutchouc thermoplastique
presente un point de ramollissement inf~rieur a 100' C. 20 7. Composition
salon l'une quelconque des revendications precedentes, dans laquelle le
caoutchouc 



thermoplastique est choisi parmi les copolymbres tris6quenc6s
styrene/butadiene/styrene at styroneaisoprkne/styrone, les caoutchoucs
ethylene/propylene/diene et le trans-1,4-polyisoprbne. 26 8. Composition
salon l'une quelconque des revendications pr6c6dentes, dans laquelle le
rapport du composant polymerea  la charge est compris entre 5:1 et 1:1 en
poids. 9. Composition salon la revendication 8, dans laquelle le rapport du
composant polymere a la charge est compris entre 3:1 et 2:1 en poids. 30
10. Composition salon l'une quelconque des revendications precedentes, dans
laquelle la charge est un talc, une silica, un silicate de calcium ou un
melange de talc et de silica ou de silicate de calcium. 11. Composition
salon la revendication 10, dans laquelle la charge ast un melange de talc
et de silica 35     fumae ayant une grosseur de particules inf6rieure a 50
nm. 12. Composition salon l'une quelconque des revendications precedentes,
qui comprend en outre un (ou plusieurs) pigment a raison de 0,1 a 10 % en
poids de la composition. 40 13. Composition salon l'une quelconque des
revendications pr6cedentes, compranant en outre un phenol anti-oxydant
encombre steriquement an une quantit6 inferieurea  1 % en poids de la
composition. 14. Article orthopedique coul6 ou attelle comprenant une
composition salon l'une quelconque des revendi- cations pr6c6dentes. 45 15.
Procedd de production d'une composition thermoplastique salon l'une
quelconque des revendications 1 a 13, qui consiste a combiner une
polycaprolactone et un caoutchouc thermoplastique dans un rapport de 4:1 a
1,5:1 en poids, ensemble avec une charge et un agent de reticulation. 5o
16. Proced6 salon la revendication 15, dans lequel l'agent de reticulation
ast un peroxyde organique. 17. Proced6 salon la revendication 16, dans
lequel le peroxyde organique est le peroxyde de benzoyle. 18. Proc6de salon
la revendication 17, dans lequel on utilise ledit peroxyde de benzoyle en
une proportion *  55  de 0,1 a 1 % en poids de la polycaprolactone et du
caoutchouc thermoplastique. 19. Procede salon la revendication 18, dans
lequel on utilise ledit peroxyde de benzoyle en une quantite de 0,1 a 0,6 %
en poids de la polycaprolactone at du caoutchouc thermoplastique. I-..
9 .. L   1111111111111111..._    EP 0 169 037 B1 Patentanspriche 1.
Thermoplastische Zusammensetzung mit einer polymeren Komponente, bestehend
aus einem vernetz- ten Gemisch eines Polycaprolactons und eines
thermoplastischen Kautschuks zusammen mit einem 5      Fillstoff, wobei das
Polycaprolacton und der thermoplastische Kautschuk in der Zusammensetzung
vor 



dem Vernetzen in einem Verhiltnis von 4:1 bis 1,5:1, bezogen auf das
Gewicht, vorhanden sind. 2. Zusammensetzung nach Anspruch 1, in der das
Verhaltnis von Polycaprolacton zu thermoplastischem Kautschuk vor dem
Vernetzen von 2,5:1 bis 1,5:1, bezogen auf das Gewicht, betrigt. 10 3.
Zusammensetzung nach Anspruch 1 oder 2, in der das Polycaprolacton ein
Poly(epsilon)caprolacton ist. 4. Zusammensetzung nach einem der
vorstehenden AnsprUche, in der das Polycaprolacton ein Molekular- 7s
gewicht von mindestens 10 000 hat. 5. Zusammensetzung nach Anspruch 4, in
der das Molekulargewicht des Polycaprolactons mindestens 25 000 betragt. 20
6. Zusammensetzung nach einem der vorstehenden AnsprUche, in der der
thermoplastische Kautschuk einen Erweichungspunkt unter 100 C hat. 7.
Zusammensetzung nach einem der vorstehenden Ansprtiche, in der der
thermoplastische Kautschuk unter Styrol-Butadien-Styrol- und
Styrol-Isopren-Styrol-Triblock-Copolymeren, Ethylen-Propylen-Dien- 25
Kautschuken und trans-1,4-Polyisopron ausgewahIt ist. 8  Zusammensetzung
nach einem der vorstehenden Ansprlche, in der das Verhaltnis von polymerer
Komponente zu Fi0lstoff von 5:1 bis 1:1, bezogen auf das Gewicht, betragt.
30  9. Zusammensetzung nach Anspruch 8, in der das Verhaltnis von polymerer
Komponente zu F0llstoff von 3:1 bis 2:1, bezogen auf das Gewicht, betr~gt.
10. Zusammensetzung nach einem der vorstehenden Ansprtche, in der der
FUllstoff Talkum, ein Silicium- dioxid oder Calciumsilikat oder ein Gemisch
von Talkum und Siliciumdioxid oder Calciumsilikat ist. 3S 11.
Zusammensetzung nach Anspruch 10, in der der FUllstoff ein Gemisch von
Talkum und pyrogenem Siliciumdioxid mit einer Teilchengrofe unter 50 nm
ist. 12. Zusammensetzung nach einem der vorstehenden AnsprUche, die
aulerdem noch ein oder mehrere 40     Pigmente in einer Menge von 0,1 bis
10%, bezogen auf das Gewicht der Zusammensetzung, enthalt. 13.
Zusammensetzung nach einem der vorstehenden AnsprOche, die auBerdem ein
Antioxidationsmittel aus einem sterisch behinderten Phenol in einer Menge
unter 1%, bezogen auf das Gewicht der Zusammen- setzung, enthalt. 48 14.
Orthopddischer Verband oder orthopadische Schiene, enthaltend eine
Zusammensetzung nach einem der vorstehenden Anspriche. 15. Verfahren zur
Herstellung einer thermoplastischen Zusammensetzung nach einem der
AnsprUche 1 bis 50     13, umfassend das Kombinieren eines Polycaprolactons
und eines thermoplastischen Kautschuks in elnem  Verh~ltnis von 4:1 bis
1,5:1, bezogen auf das Gewicht, mit elnem  FRillstoff und einem
Vernetzungsmittel. 16. Verfahren nach Anspruch 15, in dem das
Vernetzungsmittel ein organisches Peroxid ist. 



55 17. Verfahren nach Anspruch 16, in dem das organische Peroxid
Benzoylperoxid ist. 18& Verfahren nach Anspruch 17, in dem das
Benzoylperoxid in einer Menge von 0,1 bis 1%, bezogen auf 1 0 I~ ~~H IIIII
1111 11111111011    EP0 16903761 das Gewicht von Polycaprolacton und
thefmoplastischem Kautschuk. verwendet wird. 19. Verfahren nach Anspruch
18, in dern das Benzoylperoxid in emner Menge von 0.1 bis 0,6%, bezogen auf
das Gewicht von Polycaprolacton und thermoplastischem Kautschuk, verwendet
wird. 5 10 15 20 25 30 35 40 45 50 55 11    


