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METHOD FOR MANUFACTURING A POLYMER SHEET FOR USE AS AN

IMMOBILIZATION ELEMENT

The invention relates to a method for manufacturing a polymer

sheet for use as a non-invasive immobilization element for the immobilization

of one or more body parts in a predetermined position and/or posture, as

described in the preamble of the first claim.

Examples of immobilization elements for the immobilization of

body parts are described for example in EP1 854439, EP1 537831, EP1582187

in the name of Orfit Industries. Immobilization elements are frequently used in

numerous applications such as, for example, in rehabilitation, in orthopaedic

applications, in the immobilisation of ligaments or bone structures that show

injuries, with trauma or disease, where the immobilization element serves for

supporting and immobilisation of ligaments and muscular structure in a

predetermined position and/or posture. Furthermore, immobilization elements

are extensively used in radiation therapy and diagnostic imaging. Especially in

this latter application, an adequate immobilization of the body to be treated and

an adequate and reproducible positioning of the body part undergoing

treatment is of crucial importance in order to ensure that the radiation is

directed at and limited to the body part to be treated, and that the risk of

irradiating surrounding tissue is limited to a minimum. A reproducible

positioning is also of the utmost importance in fractionated therapy, in which a

part of the body, after predetermined time intervals, is exposed to irradiation.

In this sense, it is of great importance that the immobilization element exhibits

a high stability, by which is meant that the ability to move or reposition the

body part, once immobilized, is limited to less than a few mm, preferably up to

1 - 2 mm or even less.

US 2008/0004368 discloses self-crosslinkable and photo-cross-

linkable, biodegradable polymer materials, which, after injection into human

tissue or bone to be repaired, are cured in situ in order to serve as a support

for tissue and/or skeletal reconstruction. The method, described in US

2008/0004368 for the production of such materials, include the copolymeriza-



tion of poly(propylenefumarate) with poly(caprolactone) diol, and provides a

block polymer of poly(propylenefumarate) with poly( -caprolactone). The block

copolymer is cross-linked by redox- or photoinitiation, with or without the

addition of an additional cross-linking agent. In other words, the copolymer is

self-crosslinkable, without the need of a cross-linking agent to be added and

photo-cross-linkable in the presence of UV radiation. The relatively rigid

poly(propylenefumarate) segment provides mechanical strength and

crosslinkability while the poly(e-caprolactone) segment provides flexibility for

the self-cross-linking.

US 6291543 relates to articles whose surface is cross-linked by

exposure to UV radiation. The articles are formed from an elastoplastic

material (such as a polyester, polyamide, polyurethane, etc.), a cross-linking

agent (for example, triallyl cyanurate), which is cross-linkable by free-radical

polymerization, and a source of free radicals (for example, benzophenone),

which generates free radicals upon exposure to UV radiation. The article is

particularly suitable for use in a catheter or other medical application. Only the

top layer of the article is cross-linked, hence not the full thickness of the

material. Due to the cross-linking of the surface, the hardness or rigidness of

the article is increased, and said hardness or rigidness can be selectively

provided to different parts of the article, by cross-linking the surface of certain

parts of the article.

US 6709742 relates to elastic fibres, consisting of a polyolefin,

for example polyethylene, and a photo-initiator in an amount sufficient to cause

at least a partial cross-linking of the polymer, if the fibre is exposed to UV-

radiation. Articles made from fibres of said invention exhibit a good heat

resistance and elasticity at high temperatures.

However, none of these publications discloses a method which

enables to produce a polymer sheet of which the mechanical properties can be

varied and/or controlled, not only of the sheet in the molten state, but also of

the final immobilization element. Important characteristics of immobilization

elements for immobilizing body parts are that they have the ability to capture

precisely the position and/or posture of the body part to be immobilized and to

limit the ability to move the body part within acceptable limits, once



immobilized. For example, in applications such as imaging and radiotherapy, it

is also important that the immobilization element allows for a reproducible

positioning in time in a very precise manner. This is particularly important in

the case of fragmented treatments. On the other hand, it is important that the

polymer sheet is sufficiently flexible in order to ensure an adequate wear

comfort.

The object of the present invention is to provide a method for

producing a polymer sheet suitable for use as an immobilization element, or

for the manufacture of immobilization elements, for the immobilization of one

or more body parts.

This is achieved by the invention by a method comprising the

technical features of the characterizing part of the first claim.

To this end, the method of the present invention is

characterized in that a polymer sheet, having a thickness of 1.0 to 5.0 mm,

which is at least partly made of a polymer material comprising a polymer from

the group of polycaprolactone, a copolymer of polyethylene with at least one a-

olefin with 3-10 C atoms, or a mixture of two or more of the aforementioned

polymers, and a photo-initiator, is at least partially cured by exposure to UV

radiation for the at least partial cross-linking of the polymer.

Within the scope of the present invention, with cross-linking is

meant the cross-linking of a polymer material, but also the hardening of a

polymer material.

The inventor has found that the use of UV radiation offers the

possibility to vary and control the degree of cross-linking of the polymer sheet

and hence, the mechanical properties of the polymer sheet after the cross-

linking has been achieved. A higher degree of cross-linking usually leads to a

polymer sheet with a higher toughness and rigidness, a higher modulus of

elasticity in the molten state and less elasticity and a higher rigidity in the

molten or softened state. When forming such a sheet in the molten or softened

state to an immobilization element on the body part to be immobilized, this

usually leads to a formed sheet with a higher thickness and better stability. A

lower degree of cross-linking usually leads to a polymer with a lower

toughness and rigidness, a lower modulus of elasticity in the molten state, a



higher stretchability and a higher rigidness in the molten or softened state.

When forming such a sheet in the molten or softened state to an

immobilization element on the body part to be immobilized, this usually leads

to a formed sheet of a smaller thickness. The present invention thus provides

the possibility to control properties such as modulus of elasticity, elasticity and

rigidness of the polymer sheet in the molten or softened state by controlling

the degree of cross-linking. As a result, it is possible to vary and/or to control

the thickness of the polymer sheet during its formation into an immobilization

element in a molten or softened state, and therefore also the thickness of the

polymer in the formed immobilization element.

The inventors have further found that the use of UV radiation

offers important advantages compared to the use of γ -radiation, known from

the state of the art. Where the use of γ-radiation leads to a uniform curing or

cross-linking of the polymer material over the entire thickness of the polymer

material, the use of UV-radiation provides the advantage that the penetration

depth of UV radiation in the material can be controlled, and thus the degree of

cross-linking or curing degree as a function of the penetration depth. This

offers the advantage that the flexibility and rigidity of the recrystallized

material, as well as the stability of the immobilization element and the comfort

provided to the patient can be varied and controlled.

The method according to the invention is suitable for the

manufacturing of polymer sheets, made of polymer materials which are

transparent for visible light, as well as polymer sheets, made of polymer

materials which are transparent for non-visible light. With polymers,

transparent for UV radiation, such as copolymers of polyethylene, the UV

penetration depth will usually be larger, and a more uniform degree of cross-

linking as a function of the thickness and a higher uniformity in the mechanical

properties over the entire thickness of the polymer will easily be realized.

Cross-linking by means of γ-radiation and electron beam cross-

linking is usually implemented in expensive devices, especially provided for

that purpose, and which are normally not found on the location where the

polymer sheets or the immobilization elements are produced, making the

production process slow and complex and inflexible.



Moreover, it is common to irradiate a pack of a large number of

sheets with gamma-rays (see section above for symbol) in order to limit

transport costs and irradiation time. In such a configuration, however, the

different sheets are given a different dose of radiation. For example, sheets on

the surface are more exposed to radiation than those that are located more in

the middle of the pack. This has as a consequence that the different sheets,

according to their mutual position and their position relative to the radiation

source, exhibit a different degree of cross-linking, which is undesirable.

Cross-linking in the presence of peroxide often causes

shrinkage and orientation of the polymer sheet when heating the sheet prior to

forming the immobilization element over the body part. With the use of UV

radiation, it is possible to treat the polymer sheets individually, on-site, and to

control the degree of cross-linking of the individual sheets, taking into account

the intended application, or on the other hand to simultaneously expose

multiple sheets to UV radiation.

The method of the present invention further provides the

possibility to reduce the UV penetration depth in polymers which are

transparent for non-visible light, such as polycaprolactone, to the vicinity of the

irradiated surface, such that a higher viscosity on the irradiated side of the

polymer sheet can be obtained, and a higher elastic modulus in the molten

state as a result of a larger degree of cross-linking, in comparison with the

inside which is softer, and more thermo-formable, and which has a lower

melting strength as a result of a lower degree of cross-linking.

The method of the present invention also offers the possibility

to divide the polymer sheet into zones, and to subject different zones to a

different degree of cross-linking. A particular embodiment of the present

invention is therefore characterized in that the polymer sheet at least

comprises a first and a second zone, wherein the first and second zone have a

different degree of cross-linking.

Preferably, the polymer sheet is composed of a polymer

material comprising



- a polymer from the group consisting of polycaprolactone, a

copolymer of polyethylene with at least one α-olefin having 3-10 C atoms, or a

mixture of two or more of the aforementioned polymers,

- a photo-initiator.

A polymer material which comprises polycaprolactone or a

copolymer of polyethylene with at least one α-olefin having 3-10 C atoms, is

particularly suitable for the manufacture of a polymer sheet for use as an

immobilization element. These polymer materials are mouldable in the molten

or softened state at low temperatures, tolerated by the body and the skin, such

that the polymer sheet can directly be formed onto the body part to be

immobilized. This makes the polymer sheet of the present invention

particularly suitable for use as immobilization element in radiation therapy and

diagnostic imaging, and in all other applications where a tight fit on the body

part to be immobilized is of the utmost importance to provide an accurate

positioning and repeatable re-positioning of the body part in the desired

position, to enable a single treatment or an intermittent or fractionated

treatment.

In the context of the present invention, with a photo-initiator is

meant a chemical composition which, when exposed to UV light, generates

radicals on the polymer chains and initiates cross-linking of the polymer. In the

context of the present invention, a wide range of photo-initiators may be used.

Preferably, the photo-initiator is selected from the group of benzoin,

substituted benzoins such as benzoin ethyl ether, benzophenone,

benzophenone derivatives, Michler's ketone alfa-hydroxyketone, benzil

dimethyl ketal, isopropyl thioxanthane, dialkoxyacetophenones such as

diethoxyacetophenone, acetophenone, benzil, and other derivatives and

mixtures thereof. Benzophenone is particularly preferred.

The concentration of the photo-initiator in the polymer material

can be varied within wide limits. The most favourable concentrations and ratios

may be determined empirically by varying the composition and exposing the

polymer sheet to UV radiation to obtain, for the intended application, the

optimum physical and chemical properties of the at least partially cross-linked

polymer material. In general, the concentration of photo-initiator is between 0.1



and 5.0 weight%, and preferably between 0.2 and 5.0 weight%, based on the

weight of the polymer material.

Preferably, the polymer material also comprises an amount of a

photo-cross-linker. Within the context of the present invention, with photo-

cross-linker, a chemical composition is meant that, in the presence of a photo-

initiator, accelerates and promotes the cross-linking of the polymer. This

allows the production of a polymer sheet to be accelerated. A wide range of

photo-cross-linkers, which, when generating free radicals, are able to link two

or more polymer chains through the formation of covalent bonds, may be used

in the present invention. Preferably, these photo-cross-linkers are poly-

functional, that is to say that they have two or more reactive functional groups

which, when activated, are capable of forming a covalent bond with a

functional group on the polymer. Photo-cross-linkers with a low melting

temperature (< 100 - 120 °C) and a good compatibility with polycaprolactone

and a copolymer of polyethylene with at least one a-olefin having 3-10 C

atoms, are preferred. In this context, triallyl cyanurate is particularly preferred.

Other examples of suitable photo-cross-linkers may be selected from the

group of polyfunctional vinyl or allyl compounds such as triallyl cyanurate,

triallyl isocyanurate, pentaerthritol tetramethacrylate, ethylene glycol,

dimethacrylate, diallyl maleate, dipropargyl monoallyl cyanurate, and other

derivatives and mixtures thereof.

The concentration of the photo-cross-linker in the polymer

material may be varied within wide limits, but preferably ranges between 0.01

and 2.0 weight% , based on the weight of the polymer material.

The polymer material may also comprise other components to

change the mechanical properties of the polymer sheet, if this is of interest for

the intended application.

Preferably, the at least one a-olefin with 3-10 C atoms is

selected from the group of a copolymer of ethylene and 1-butene or 1-octene

or a mixture of two or more of these copolymers. The inventors have found

that these plastic materials are mouldable at a low temperature. This renders

the polymer sheet of the present invention particularly suitable for use in

radiation therapy and diagnostic imaging and in all other applications where a



precise repositioning of the immobilization element in intermittent treatment is

of the utmost importance. In addition the polymer sheet offers, for use as

immobilization element, more comfort to the patient, because it feels soft to

the skin and has a higher flexibility and lower rigidness, even after complete

crystallization, in comparison with the already known immobilization elements.

As a result of the reduced rigidness, the material can easily be cut with a good

and smooth finish of the edges with conventional tools such as scissors and

knives.

The polymer material comprising polycaprolactone or a

copolymer of polyethylene with at least one a-olefin having 3-10 C atoms, a

photo-initiator and a photo-cross-linker, can be prepared in any manner known

to the skilled person, for example, by mixing or combining the ingredients by

mechanical stirring, by a sonication treatment, or by means of a melt mixer.

Manufacturing a polymer sheet on the basis of this composition may be done

by any technique deemed suitable by the skilled person. Preferably, the

forming of the polymer material into a sheet is done by means of extrusion, in

particular flat extrusion.

In the process of the present invention, the polymer sheet prior

to the exposure to UV radiation is preferably cut into a desired shape. This

offers the advantage that the waste material is not cross-linked and can be

recovered for recycling. Since the polymer material is relatively expensive, and

an average of up to 30% of the material is lost as waste when cutting and

perforating, this is an important advantage. Moreover, it was found that the

cutting of the polymer sheet and the cross-linking of the sheet can be

combined in a process, wherein, in a first step, the polymer sheet is cut into

the desired shape, and subsequently exposed to UV radiation for cross-linking

of the polymer sheet. It was found that the time, required for cutting the sheet

into the desired shape, can be tailored to the time required for cross-linking the

polymer to the desired degree of cross-linking.

If desired, this can be carried out in an automated process,

optionally supplemented by a step in which the polymer sheet is entirely or

partly perforated. Perforation may be carried out before or after the exposure

to UV-radiation. Usually, perforation is carried out prior to exposure to UV



radiation to better achieve a better uniformity in the cross-linking and to allow

recycling of perforation material.

Perforation may extend over the entire sheet, or may be limited

to specific areas in the surface direction of the polymer sheet. Perforations will

usually extend through the entire thickness of the sheet. The perforations may

be applied randomly or according to a certain pattern. The dimensions of the

perforations in the polymer sheet will usually range between 0.5 and 3.0 mm,

preferably between 1 and 2 mm. According to the invention, all perforations

may approximately have the same dimensions, or perforations of varying

dimensions may be used at random or in different zones. The latter offers the

possibility to locally change the elasticity of the polymer sheet. The presence

of perforations offers many advantages, including the fact that the

immobilization element is lighter and allows evaporation of moisture through

the immobilization element.

The polymer sheet, used in the process of the present

invention, preferably has a thickness which is adapted to the intended use.

When using the polymer sheet as an immobilization element, the thickness of

the polymer sheet preferably ranges between 1.0 and 5.0 mm. Often a

thickness of about 1.6 - 3.2 mm is used. With such a thickness, the desired

degree of cross-linking can be obtained by exposing the polymer sheet either

on one side, or on both sides, to UV radiation.

The duration of the irradiation with UV, and the energy of the

UV radiation source, may be varied within wide limits, and is preferably chosen

such that the desired degree of cross-linking is achieved without degradation

of the polymer sheet to occur. For the manufacture of a polymer sheet

according to the invention, the sheet is exposed to UV radiation, preferably for

a period of time of 30 seconds to 1 hour at a radiation power of 10 watts to

about 500 watts. It is to be expected that with a higher radiation power, a

shorter period of time is required. The skilled person is capable of matching

the radiation intensity and duration to the intended degree of cross-linking,

taking into account the thickness of the polymer sheet and the transparency of

the sheet for UV radiation. The skilled person may choose to irradiate the

polymer sheet on one surface, or on both surfaces, facing each other.



In the context of the present invention, with UV radiation is

meant that the wavelength of the radiation ranges between 150 and 700 nm,

preferably between 100 and 450 nm, more preferably between 280 and 400

nm. At a wavelength of the UV radiation which ranges between 100 and 450

nm, the photo-initiators which are preferred within the scope of the present

invention, attain their maximum efficiency. The most appropriate wavelength is

chosen taking into account the thickness of the polymer sheet, the nature of

the polymer material and the nature of the photo-initiator. It is generally known

that UV radiation with a longer wavelength penetrates more deeply, and hence

allows cross-linking a thicker polymer sheet. Irradiation with UV light may be

carried out on one surface of the polymer sheet, or on both surfaces, facing

each other.

Suitable UV sources comprise conventional UV lamps, typically

Hg lamps, which span a wide continuous band of the UV spectrum, usually

between 200 and 450 nm. They may develop high powers, but this is

accompanied by a significant warm-up, which can lead to the melting of the

polymer sheet. Therefore, it may be necessary to cool the polymer sheet, for

example by means of a cold air or gas flow. LED lamps have the property that

they span a narrow discrete band of the UV spectrum, often in the wavelength

range of 365 or 395 nm. LED lamps have a lower power such that cross-

linking is slower, but it is better controllable. A lower power can be overcome

by decreasing the distance between the light source and the polymer sheet, or

by using the light source in combination with a photo-initiator with a high

efficiency. The skilled person will take into account, when selecting the source

of the UV radiation, the requirements of the application. Suitable LED lamps

are commercially available from various suppliers.

The present invention also relates to a non-invasive

immobilization element obtained by the method described above.

The present invention further relates to a non-invasive

immobilization element for the immobilization of one or more body parts in a

predetermined position, wherein the immobilization element comprises a sheet

which is at least partly made from a polymer material, comprising an at least

partially cross-linked polymer selected from the group of polycaprolactone, a



copolymer of polyethylene with at least one a-olefin having 3-10 C atoms, or a

mixture of two or more of the aforementioned polymers, and a photo-initiator,

wherein the polymer sheet has a thickness of 1.0 to 5.0 mm. Further technical

characteristics of the immobilization element are as described above.

As described above, in a preferred embodiment, the polymer

sheet has a degree of cross-linking which decreases from a surface of the

polymer sheet in the thickness direction of the polymer sheet.

As described above, in another preferred embodiment, the

polymer sheet comprises at least a first and a second zone, wherein the first

and second zone have a different cross-linking.

The invention will be further elucidated with reference to the

attached figures and the description of the figures below.

Figure 1 shows an example of a non-invasive immobilization

element according to the invention, in particular a mask for immobilising the

head of a patient.

Figure 2 shows a polymer sheet cut in a shape for the

manufacture of the mask shown in Figure 1.

The immobilization element as shown in Figure 1, is placed on

the skin of the body part to be immobilized of the patient in such a way that the

body part is enclosed by the immobilisation element, and is incorporated

therein. The edges of the immobilization element are attached to a table on

which the patient is located in order to immobilize the body part in the desired

posture and the desired position.

The polymer sheet shown in Figure 2 exhibits a mask zone 1

which is intended to cover the face of the head, a first, second and third

connection zone 2a, 2b and 2c which are intended for connecting the mask

zone with a support on which the patient is located and thus to oppose

movement of the head as good as possible and to limit it to a maximum of 1-2

mm.

Within the context of the present invention, the mask zone 1

and the connection zones 2a, 2b, 2c may show the same or a different degree

of cross-linking. The connection zones 2a, 2b, 2c may exhibit a mutually

similar or a different degree of cross-linking. In a preferred embodiment, the



connection zones 2a, 2b, 2c have a higher degree of cross-linking, and the

mask zone 1 has a lower degree of cross-linking. For the manufacture of an

immobilization element, the polymer sheet is heated to a temperature in the

range of the melting or softening temperature. The thus melted or softened

sheet is applied to the body part to be immobilized and formed thereon,

preferably in such a way that the sheet adopts as well as possible to the

contours of the body part to be immobilized.

In the context of the present invention, it is also possible to

divide one or more connection zones into two or more zones, and to give

different zones a different degree of cross-linking.

A lower degree of cross-linking in the mask zone 1 leads to a

polymer with a lower toughness and rigidness, lower modulus of elasticity and

a higher rigidness and lower stretchability in the molten or softened state. The

higher stretchability offers the possibility to significantly reduce the thickness of

the polymer sheet in comparison with a sheet with a higher degree of cross-

linking, and thus to provide a mask zone 1 with a somewhat higher flexibility,

even after cooling and crystallization, and a smaller thickness.

In the context of the present invention, it is further possible to

divided the mask zone 1 into two or more zones, and to give different zones a

different degree of cross-linking.

A higher degree of cross-linking in the connection zones 2a,

2b, 2c leads to a higher toughness and rigidness, a higher elasticity modulus

and lower stretchability in the molten or softened state. The lower stretchability

of the connection zone counteracts stretching of the connection zone and

usually leads to connection zones with a higher thickness, which is rigid and

provides stability to the immobilization element. Thus, it is possible to reduce

the ability of the patient to move with respect to the mask to a minimum and at

the same time to maximize comfort for the patient.

Dividing the polymer sheet into two or more zones, provides the

ability to individually control the degree of cross-linking of the zones, and to

control the mechanical properties of the individual zones, taking into account

the function they perform in the immobilization element.



In the example shown, both the mask zone 1 and the

connection zone 2a, 2b, 2c are perforated. Within the scope of the present

invention, the mask zone 1 may or may not be perforated, and the connection

zones 2a, 2b, 2c may or may not be perforated. The mask zone 1 may have

the same degree of perforation and perforation pattern as the connection

zones 2a, 2b, 2c, or a different one. The connection zones 2a, 2b, 2c may

exhibit the same degree of perforation and perforation pattern or a different

one.

Within the mask zone, a uniform perforation can be used.

However, it is also possible to divided the mask zone into zones which have a

different degree of perforation. It is further possible to control the size of the

perforations in each zone, as well as the number of perforations that is applied

and the pattern. Thus, the possibility is offered to divide the mask zone into

zones which have different perforation rate.

By analogy, within one connection zone, a uniform perforation

to be applied, or the connection zone can be divided into further zones, which

have a different degree of perforation. Thereby, the size of the perforations in

each zone to be controlled, as well as the number of perforations applied and

the perforation pattern.

The adjustability of the degree of cross-linking and the degree

of perforation makes it possible to vary and to control the mechanical

properties of an immobilization element within wide limits. The division into

zones allows the mechanical properties of each zone of the immobilization

element to match the function performed by that zone.

The invention will be further described with reference to

exemplary embodiments below.

Example 1

Polymer sheets having a composition as listed below were

prepared by cross-linking by exposure to UV radiation of a single sheet of

polymer material which comprises either polycaprolactone (Capa), obtained

from Perstorp UK Ltd, or a polyolefin elastomer, obtained from Dow, as well

as a photo-initiator (benzophenone), obtained from Ciba, a photo-cross-linker



(TAC) and a colour master batch. The composition of the polymer sheets is

shown in Table 1. Table 1 shows the composition of a sample containing

polycaprolactone (Capa), TAC and benzophenone, and a sample that contains

a polyolefin elastomer, TAC and benzophenone, as well as a colour master

batch.

The polymer sheets were manufactured by extruding the Capa

or the polyolefin elastomer together with the photo-initiators, the photo-cross-

linker in a ZSK 8 twin screw extruder (Coperion). The polymer material that is

obtained in this way, was formed into a sheet by means of press moulding,

using an hydraulic press of Agila model PE30.

The polymer sheets were cross-linked by exposure to UV

radiation. For this purpose, use was made of UV lamps with a power of 18 W

at a wavelength of 370 n . The duration of the exposure to the UV radiation

for the different polymer sheets is shown in Tables 2 and 3 .

The degree of cross-linking of the polymer sheets was

assessed by means of two measuring methods : 1) oscillation rheometry 2)

RTS (resistance to stretch). The oscillation rheometry was performed with an

Anton Paar Rheometer MCR 300. With the oscillation rheometer, used at a

frequency of 0.01 to 10.0 Hz for a sample with standard dimensions, cut from

the polymer sheet, the complex viscosity, the storage modulus and the loss

modulus were determined, which increase as a function of the degree of

cross-linking of the polymer sheet and therefore allow to estimate the degree

of cross-linking. The measurements were carried out at a temperature of 70

°C. RTS (resistance to stretch) is a method to estimate the degree of cross-

linking of the polymer sheet by: (a) cutting a sample with standard dimensions

from the polymer sheet, (b) heating the sample in hot water (65 °C), for 3 min.,

(c) securing one end of the sample with a clamp and providing the other end

with a standard weight, (d) stretching the molten sample under the force of

gravity and cooling to room temperature, (e) the value of the length of the

stretched sample (cm) is the value of the RTS (cm) (f), the shorter the

stretched sample, the higher the degree of cross-linking is. The results for the

oscillation rheometry measurements are shown in Table 2 and the results for

the RTS measurements in Table 3 .



Table 1: Composition of the polymer samples.

Table 2 : Results of the oscillation rheometry measurements for the polymer

samples.

Table 3: Results of the RTS (resistance to stretch) measurements for the

polymer samples.

Thickness (mm) Curing (hours) RTS (cm)

Sample 1 1.2 3 180

1.2 8 88



Sample 2 2.0 0.25 5.27



CLAIMS

A method for manufacturing a polymer sheet for use as a non-invasive

immobilization element for the immobilization of one or more body parts

in a predetermined position, wherein a polymer sheet with a thickness of

1.0 to 5.0 mm, which is at least partially made of a polymer material

comprising a polymer from the group of polycaprolactone, a copolymer

of polyethylene with at least one a-olefin having 3-10 C atoms, or a

mixture of two or more of the aforementioned polymers, and a photo-

initiator, is at least partly cured by exposure to UV-radiation for the at

least partial cross-linking of the polymer.

Method according to claim 1, wherein the polymer sheet contains at least

a first and a second zone, wherein the first and second zone have a

different degree of cross-linking.

Method according to claim 1 or 2, wherein the polymer material further

comprises a photo-cross-linker.

Method according to claim any one of claims 1 to 3 , wherein the sheet,

prior to exposure to UV radiation, is cut into a desired shape.

Method according to any one of claims 1 to 4 , wherein the sheet, prior to

exposure to UV radiation, is at least partially perforated.

Method according to claim 5 , wherein the polymer sheet has an edge,

and wherein the edge, prior to the exposure to UV radiation, is not

perforated.

Method according to any one of claims 1 - 6 , wherein the cross-linking is

carried out by means of UV radiation having a wavelength between 00

and 450 n , preferably between 280 and 400 nm.



8. Method according to any one of claims 1 - 7 , wherein, prior to exposure

to UV radiation, use is made of a UV radiation source, selected from an

LED light source or a conventional UV light source.

9 . Method according to any one of claims 1 - 8 , wherein the at least one a-

olefin with 3-10 C atoms is selected from the group of copolymers of

ethylene and 1-butene, copolymers of ethylene and 1-octene, a mixture

of two or more of the aforementioned copolymers.

10. Method according to any one of claims 1 - 9 , wherein the photo-initiator

is selected from the group of benzoin, substituted benzoins such as

benzoin ethyl ether, benzophenone, benzophenone derivatives, Michler's

ketone alfa-hydroxyketone, benzil dimethyl ketal, isopropyl thioxanthane,

dialkoxyacetophenones such as diethoxyacetophenone, acetophenone,

benzil, and other derivatives and mixtures of two or more of the

aforementioned compounds.

11. Method according to any one of claims 2 - 10, wherein the photo-cross-

linker is selected from the group of polyfunctional vinyl or allyl

compounds such as triallyl cyanurate, triallyl isocyanurate, pentaerthritol

tetramethacrylate, ethylene glycol, dimethacrylate, diallyl maleate,

dipropargyl monoallyl cyanurate, and other derivatives and mixtures of

two or more of the above-mentioned compounds.

12. A non-invasive immobilization element for the immobilization of one or

more body parts in a predetermined position, wherein the immobilization

element is formed to the body part to be immobilized and the body

portion encloses to oppose movement of the body part, wherein the

immobilization element comprises a sheet at least partly made from a

polymer material comprising an at least partially cross-linked polymer

selected from the group of polycaprolactone, a copolymer of

polyethylene with at least one a-olefin having 3-10 C atoms, or a mixture



of two or more of the aforementioned polymers, and a photo-initiator,

wherein the polymer sheet has a thickness of 1.0 to 5.0 mm.

13. An immobilization element according to claim 12, characterized in that

the polymer sheet contains at least a first and a second zone, wherein

the first and second zone have a different degree of cross-linking.

14. An immobilization element according to claim 12 or 13, characterized in

that the polymer sheet contains at least a first and a second zone,

wherein the first and second zone have a different degree of perforation.
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