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A KIT FOR IN SITU IMMOBILIZATION WITH ANTIFUNGAL AND ANTIMICROBIAL
EFFECTS

DESCRIPTION

Technical Field

The invention relates to immobilization devices and kits containing
thereof, which are suitable for in situ application. In general, the
present invention relates to the field of orthopaedic methods or
devices for non-surgical treatment of bones or joints. Specifically,
the invention relates to orthopaedic devices, like splints or casts,
which harden in situ taking a desired form due to the use of
thermoplastic materials used for forming the said immobilization

devices.

Technical Problem

Many injuries as well as painful and inflammatory medical conditions
require immobilization, which is provided by fixation of the affected
body part. Such immobilization decreases the pain of an injured person
and enables faster healing of affected tissue structures.
Immobilization of body parts can be performed by using various means
and materials. In 1852 the Dutch military surgeon Antonius Mathysen
first proposed the use of gypsum as a method of immobilizing fractures.
Gypsum was added onto the bandage and the formed structure was put
into the warm water to form a splint which fitted to the shape of the
affected body part, which, after drying and hardening, provided
immobilization. Although that was a long time ago, the main principles
of gypsum (plaster of Paris) immobilization have not changed
significantly. Nowadays, plaster is certainly one of the most commonly
used materials for immobilization due to several reasons; it is
inexpensive, non-toxic, non-flammable, can be moulded and shaped as

required. However, shaping of gypsum is possible only within a short
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period of time. Once gypsum becomes hard, further forming is not
possible. The gypsum technique is very —convenient for the
repositioning of fragments when the repositioning is done by applying
traction or lateral pressure and is to be retained a few minutes after
gypsum sets. Advantages in the application are obvious as, except for

water, no additional means are necessary.

Besides the above cited advantages, it should be noted that the gypsum
immobilization once completed has a significant density, approximately
2.3 g/cmd, which certainly leads to the patients suffering from
discomfort and feeling of confinement. In addition, this type of
immobilization cannot be immersed into water during the maintenance
of patient personal hygiene; it is poorly aerated and slightly prone
to crumbling in time. Finally, the medical staff engaged in gypsum

immobilization get their hands and workplace permanently dirty.

In the last 30 years there have been major advances in the area of
development of novel materials which can be employed for
immobilization, and new methods for treatment of fractures have also
been introduced. Despite the conservatism in the field, several
proposals for new immobilization materials have started to appear,
which we will present in a review of the state of the art. The new
materials exhibit superior properties; however, they always require
longer preparation for their in-situ application than the equivalent
gypsum immobilization. This longer preparation is a result of the
chemical and/or technological nature of the used material, which leads
to the situation that the conventional gypsum immobilization of
patients remains the first choice in trauma clinics. The article
written by J. Hancevic et al. under the title: APPLICATION OF PLASTIC
MATERIALS FOR THE PURPOSE OF IMMOBILIZATION [in Croatian], Med.
Vjesnik 2000;32(1-4):111-115, available at
https://hrcak.srce.hr/index.php?show=clanaké&id clanak jezik=280789
compares gypsum  with modern composite materials used for

immobilization.
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The first technical problem solved by the present invention is that
to perform the immobilization process only water is needed. The
proposed novel immobilization kit uses the best from the tradition;
i.e. the fact that apart from the components needed for immobilization
(traditionally gypsum and bandage) only water is needed, as well as
the advantages of existing modern thermoplastic composite materials.
It is well known that new thermoplastic composite materials are
lighter, water resistant, well aerated and more transparent to X-rays
which enables a perfect insight into fragile structures of the bon
callus during the phase of bone healing without taking the
immobilization off. The latter is not possible with the traditional
gypsum-based immobilization. In addition, the proposed kit uses the
known advantages of thermoplastic materials, namely, that they become
hard very quickly and full load can be immediately applied on them.
Working with this kit means that both the medical staff and their

workplace can be kept clean.

This first technical problem was solved by designing a kit which
consists of three components: a thermoplastic composite, a chemical
heater and water or water containing liquid. Water serves as an
oxidizing agent for activating the chemical heater which heats up the

thermoplastic composite to be fit for the in situ forming.

The second technical problem which appears during the in-situ
application is sterilization; i.e. partial or full sterilization of
the immobilization device. As a consequence of solving the first
technical problem - heating up of the thermoplastic composite with
water and steam — at the same time sterilization of the immobilization
device is performed, which is of particular importance when using the
kit outside hospitals, e.g. for military purposes on a battlefield.
In health institutions possible open wounds will be treated before
immobilization, but this is certainly not the case on the front lines.
However, in the case of fast immobilization and emergency transport
it is important not to worsen the health condition of a patient and
to minimise possibilities of contamination of the wound around

fractures or other injuries. For this purpose, in situ sterilization
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of the immobilization device represents an obvious advantage thus
eliminating the need for applying hygienic standards by both surgeon

and patient.

The third technical problem, which occurs in practice, is related to
the issue of personal hygiene maintenance of a patient. It is well
known that very poor aeration results in the development of fungi and
bacteria during the period of immobilization, especially on the
contact surface of the immobilization device and the skin of the
affected human or animal. It is known that venting channels formed in
thermoplastic materials and composites thereof can partially solve
the observed problems without compromising the strength of the
immobilization device. Although this can be a possible solution to
the problem, it only partially avoids the above-mentioned hygiene
problems. In the present invention, such materials are used that can
easily be mixed with the employed thermoplastic materials and that
exhibit proven antifungal and antimicrobial effects, providing
prolonged beneficial effects to the patient during the whole time of
immobilization. This effect adds up to the effect obtained by solving
the second technical problem, which is of short duration, whilst
solving this third technical problem represents a long-lasting effect
on the patient, human or animal, that was subjected to such a

treatment.

State of the Art

The present invention is oriented to a kit for in situ immobilization
with antifungal and antimicrobial activity. The review of prior art
documents is divided in accordance with the kit components. It starts
with the thermoplastic materials and corresponding composite materials

used for forming immobilization devices.

Document US 7,985,192B2 for the invention: GEOMETRICALLY APERTURED
PROTECTIVE AND/OR SPLINT DEVICE COMPRISING A RE-MOULDABLE
THERMOPLASTIC MATERIAL; inventors D. Sheehan et al., teaches about

the formation of an immobilization device consisting of thermoplastic
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poly (e-caprolactone) with fillers in the form of wood fibres which
are added to the said thermoplastic material as a reinforcing agent

during the formation of the said device.

Document EP 1845907B1 for the invention: ORTHOSIS AND METHOD FOR
MANUFACTURE THEREQF; inventor R. C. V. T. M. J. P. Nieberding,
discloses the ©process for producing orthoses based on the
thermoplastic material called ethylene vinyl acetate (EVA) or a
similar material, mixed with cork. The formed orthosis comprises
apertures with rather large diameters intended for ventilation without

compromising the orthosis function.

Document EP 2405951B1 for the invention: NOVEL COMPOSITE MATERIALS
COMPRISING A THERMOPLASTIC MATRIX POLYMER AND WOOD PARTICULES;
inventors A. Parssinen et al., teaches about the process for
manufacturing a composite material comprising thermoplastic
biodegradable polymer such as poly(e-caprolactone) with small laminar
wood pieces as a filler. There is a note in the abstract that, once
heated to 60°C, such novel composite can be shaped directly on the

patient; i.e. on the patient’s skin.

Article available at https://doi.org/10.1016/7.matdes.2015.05.040 and
written by E. M. Fernandes et al. under the title: CORK-POLYMER
BIOCOMPOSITES: MECHANICAL, STRUCTURAL, AND THERMAL PROPERTIES,
Materials & Design 2015;82:282-289, discloses the formation of a
composite material comprising cork and low melting point biodegradable

polymers such as poly(e-caprolactone).

From the above review it 1s evident that composite materials
containing thermoplastic materials with added cork and/or other wood
components (the filler) are commonly used in the prior art. These

kinds of fillers are hereinafter referred to as “organic fillers”.

On the other hand, there are also “inorganic fillers” known in the

prior art, which can be added to thermoplastic materials to enhance
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their antifungal and antimicrobial properties. In this sense, the

following prior art documents are cited below:

Article available at https://doi.org/10.1016/7j.ijpharm.2017.04.077
and written by 7Z. Muwaffak et al. under the title: PATIENT-SPECIFIC
3D SCANNED AND 3D PRINTED ANTIMICROBIAL POLYCAPROLACTONE WOUND
DRESSINGS, Int. J. Pharm. 2017;5%527(1-2):161-170, describes the
addition of silver, copper, and zinc to the above-mentioned poly(e-
caprolactone) (hereinafter referred to as PCL) and 3D printing of
orthoses which, due to the used inorganic fillers with antimicrobial

activity, enhance wound healing in patients.

Article available at https://doi.org/10.1016/7j.eurpolymj.2016.09.028
and written by S. Mallakpour et al. under the title: NANOCOMPOSITES
BASED ON BIOSAFE NANO Zn0O AND DIFFERENT POLYMERIC MATRIXES FOR
ANTIBACTERIAL, OPTICAL, THERMAL AND MECHANICAL APPLICATIONS, FEur.
Polymer J. 2016;84:377-403, teaches about antibacterial properties of

polymers with added ZnO as an antimicrobial agent.

Article available at

https://doi.org/10.1016/j.polymertesting.2015.05.007 and written by
J. P. Mofokeng et al. under the title: MORPHOLOGY AND THERMAL
DEGRADATION STUDIES OF MELT-MIXED POLY (LACTIC ACID) (PLA) /POLY (E-
CAPROLACTONE) (PCL) BIODEGRADABLE POLYMER BLEND NANOCOMPOSITES WITH
TiO, AS FILLER, Polymer Testing 2015;45:93-100, discloses the addition
of TiO; as a filler to the PCL thermoplastic polymer. It is well known
in the art that this inorganic filler exhibits the antimicrobial
effect. However, the article highlights the role of TiO; in the thermal
stability and corresponding TiO: degradation prevention properties

once the material is embedded into the composite.

Article available at

https://doi.org/10.1016/7j.biomaterials.2007.02.014 and written by R.
De Santis et al. under the title: EFFECTS OF POLYMER AMOUNT AND
PROCESSING CONDITIONS ON THE IN VITRO BEHAVIOUR OF HYBRID TITANIUM
DIOXIDE/POLYCAPROLACTONE COMPOSITES, Biomaterials 2007;28(18):2801-
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2809, teaches about addition of Ti0, as a filler to the PCL
thermoplastic polymer. Besides improved mechanical properties, the
investigated composites also showed a very good cytocompatibility as

indicated by the MTT assay results presented in the article.

Article available at https://doi.org/10.1016/7.arabjc.2014.12.015 and
written by P. Anandgaonker at al. under the title: SYNTHESIS OF TiO;
NANOPARTICLES BY ELECTROCHEMICAL METHOD AND THEIR ANTIBACTERIATL
APPLICATION, Arabian Journal of Chemistry 2015, presents TiO: nano-
particles and their application in the prevention of human pathogens
such as gram-negative Escherichia coli (E. coli) and gram-positive

species Staphylococcus aureus.

Article available at http://www.chalcogen.ro/169 Shoja.pdf and
written by M. Shoja et al. under the title: PREPARATION,
CHARACTERIZATION AND ANTIBACTERIAL PROPERTIES OF POLYCAPROLACTONE/ZNO
MICROCOMPOSITES, Digest J. Nanomaterials and Biostructures
2015;10(1) :169-178, teaches about the role of Zn0 as an inorganic
filler for PCL. The article demonstrates the usefulness of 7Zn0O
addition to achieving antimicrobial effects against Salmonella
choleraesuis as gram-negative bacteria and Bacillus subtilis as gram-

positive bacteria.

The above 1listed set of articles show that composite materials
selected from among thermoplastic materials, especially PCL, where
Zn0 and/or TiO; are added, are already known in the prior art. The
said inorganic fillers provide antimicrobial effects once added to

the resulting composites.

It is less known that the previously mentioned organic fillers, e.g.
cork, also contribute to antifungal and antimicrobial activity.
Article available at  https://doi.org/10.1093/femsle/fnv231 and
written by F. Goncalves et al. under the title: EVALUATION OF
ANTIMICROBIAL PROPERTIES OF CORK, FEMS Microbiol. Lett. 2016;363(3),
fnv231l, describes the fact that cork exhibits antimicrobial property

against Staphylococcus aureus with almost 100% efficacy (96.93%) after
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90 minutes of incubation. This percentage is significantly lower for

Escherichia coli being about 36%.

The antifungal and antimicrobial activity results from a complex
mixture known as suberin. The antimicrobial and antifungal role of
suberin is disclosed in the article available at
https://pubs.acs.org/doi/abs/10.1021/bm500201s and written by H.
Garcia et al. under the title: EX SITU RECONSTITUTION OF THE PLANT
BIOPOLYESTER SUBERIN AS A FILM, Biomacromolecules 2014;15(5):1806-
1813. The article states that a suberin film from cork shows a
bactericidal property against Gram-positive (Staphylococcus aureus

NCTC8325) and Gram-negative (Escherichia coli) bacteria.

From this review it 1is evident that composites which consist of
thermoplastic materials and carefully selected organic fillers, e.g.
cork and other wood particles, and with a possible addition of TiO:
and/or Zn0O will exhibit antimicrobial and antifungal properties.
Furthermore, it is evident that the choice of poly(e-caprolactone)
(PCL) enables such an improved composite material to be shaped at

temperatures below 100°C and to be directly applied to the skin.

The use of water for engaging chemical heaters, according to this
invention, is a preferable way of reaching the temperature required
for shaping of the composite used for immobilization and simultaneous

activation of suberin and sterilisation by using a steam and a heat.

Document US 5,611,329 for the invention: FLAMELESS HEATER AND METHOD
OF MAKING SAME; inventor M. Lamensdorf, teaches about the way of
forming a chemical heater suitable for heating meals for military use.
In this invention fast-oxidizing magnesium alloys were used with
traces of iron as oxidation retardants. Water is hereby used as an

oxidizing agent.

Is the combination of the said PCL-based cork composite and a chemical
heater trivial? The answer 1is no because of synergistic effects

achieved by this combination.
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The first synergistic effect is related to the fact that such a cork
based composite material exhibits extraordinarily and completely
unexpected thermal diffusivity which is not mentioned in any prior
art document. The material consisting of PCL and cork can be taken
out from boiling water and, after being wiped dry, it can be directly
applicable to a patient with no fear of discomfort and/or burns. The
temperature of the said composite is close to 95°C, which is far above
the temperature reported in the previous document EP2405951B1 (~60°C)
where it is evident that if the temperature is too high, then there
is a risk of discomfort or harm to the patient’s skin (chapter [0068]
of the EP'951); and if the temperature is not high enough, then the
material will not be able to properly conform to the patient’s body.
From this, one can conclude that the thermal diffusivity of the
materials used in ‘951 does not allow a direct and safe application

to the patient’s skin when heated above 60°C.

To understand how much thermal diffusivity affects the sense of heat
it is suggested to study the article written by A. Salazar: ON THERMAL
DIFFUSIVITY, Eur. J. Phys. 2003;24(4):351-358, available at
http://iopscience.iop.org/article/10.1088/0143-0807/24/4/353/meta.

The second synergistic effect arises from the chemical heater which
uses water as oxidizing agent and produces steam which provides
sterilization of the immobilization device before its use. Hot steam
and hot water at ~95°C, where the latter is used also as an oxidizing
agent, heat up the core of the immobilization device and pass through
the core channels (if made) performing the sterilisation of the

immobilization device.

The third synergistic effect is the activation of the crystalline
aliphatic suberin fraction of cork by the heat. Namely, as noted in
the article available at
https://www.sciencedirect.com/science/article/pii/S50079670006000682
and written by A. Gandini et al. under the title: SUBERIN: A PROMISING
RENEWABLE RESOURCE FOR NOVEL MACROMOLECULAR MATERIALS, Prog. Polym.
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Sci. 2006;31(10):878-892, the presence of a crystalline aliphatic
suberin fraction in aliphatic lamellae of suberized cells is evident;
and this fraction is possible to be activated with hot steam and

water.

Finally, the fourth synergistic effect arises from the nature of
chemical reactions performed in the chemical heater. In the preferred
embodiment, the result of fast oxidation is Mg (OH):, which dissolved
in water produces alkaline medium. The alkaline medium helps to
extract suberin moieties from the cork and other wood particles, such
as ferulic acid, that has also antimicrobial properties. The method
of suberin moieties extraction is described in the article by A.

Gandini et al. already cited above.

From the above review, it can be concluded that the kit consisting of
a thermoplastic composite charged with cork particles and heated by a
specifically selected chemical heater, represents a non-trivial

combination of the prior art with additional synergistic effects.

Summary of the Invention

The present invention relates to a kit for in situ immobilization of
humans and animals when immobilization can be done by using water or
water-containing liquid only and without other adjuvants. The water
serves as an oxidizing agent. The kit minimally comprises:

- one or more immobilization devices;

- at least one chemical heater with a chemical formulation which
produces heat in an exothermic reaction with water or water-
containing liquid; and

- a container capable of simultaneously enclosing at least one

immobilization device and at least one chemical heater.

The immobilization device consists of:
A. a core made of a mixture obtained from the following materials:
- a thermoplastic material with a melting point Tn between 50°C

and 100°C;
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- an organic filler selected from among cork particles and other
wood particles that lowers the specific weight of the mixture,
with a wvolume percentage from 5% to 60% in the core mixture;
and,

- an inorganic filler selected from among TiO:, Zn0O or their
combination which exhibits antimicrobial and antifungal
properties, with a weight percentage of up to 25% in the core
mixture; and optionally,

B. an additional outer cork layer, with antifungal and antimicrobial
properties, which partially or fully covers the surface of the
core of the immobilization device, where the thickness of the
cork layer is equal to or lower than the lowest thickness of the
core 0of the immobilization device, where the cork layer is bound

to the core by the core’s thermoplastic material.

The exothermic reaction, started when the chemical heater and water
or water-containing liquid <come into contact, heats up the
immobilization device positioned within the container to temperatures
higher than 80°C. The immobilization device is heated not only when
it is in contact with the heater but also by the generated hot steam
which is accumulated within the container. The generated steam 1is

released through one or more openings made on the container.

The started exothermic reaction brings the core into a plastic state
in which it is easily shaped by the surgeon. The released steam and
heat sterilize the immobilization device and activate the crystalline
aliphatic suberin fraction of cork. The thermal diffusivity
coefficient of the immobilization device core, or optionally the
thermal diffusivity coefficient of the cork layers, allows direct
application of the immobilization device to the human or animal skin

without causing discomfort or burns.

In one embodiment, the kit further comprises a water container for
water or water-containing liquid as an oxidizing agent in the amount

sufficient for activating all chemical heaters.
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In another embodiment, the core is manufactured to contain a mesh of

planar venting channels and perpendicular venting channels. All or a

part of the perpendicular wventing channels extend through the cork

layers if applied. The venting channels:

(i) promote venting of the human or animal skin surface through the
said immobilization device, and

(ii) promote heating of the core by the generated steam and indirectly
improve the sterilization of the said immobilization device before

its use.

In a preferred embodiment, the chemical formulation is based on fast-
corroding alloys, preferably on magnesium alloys and most preferably
on alloy Mg - 5% atm. Fe, where the oxidation reaction with magnesium
produces heat, steam and Mg(OH):, which dissolved in water promote
suberin moieties release from wood or cork material used for forming

the immobilization device.

In the preferred embodiment, the selected thermoplastic material for
the core formation is biodegradable poly(e-caprolactone). According
to another embodiment, the selected organic filler for the core
formation consists of cork particles only exhibiting antifungal and
antimicrobial properties. In vyet another embodiment, the core is

formed without an inorganic filler.

In another embodiment, the outer cork layer is absent, and the core
is applied directly to the human or animal skin, where the said core

exhibits antifungal and antimicrobial properties per se.

The present invention discloses the immobilization device with a

density less than 1000 kg/ms3.

The present invention discloses the method of wuse of the above

described kit wherein the said method includes the following steps:

a) insertion of the immobilization device and the chemical heater

into the impermeable container;
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b) dosing the water or water-containing ligquid into the container up
to the filling line marked on the container;

c) leaving the immobilization device and the activated chemical
heater within the container be on a flat surface which enables
free release of the generated steam through the container opening
while the chemical reaction, performed by the chemical heater,
brings the core into a plastic state; and

d) immediate application of the immobilization device onto the human

or the animal skin, without danger for surgeon or patient.
This immobilization device is suitable for application where necessary
that the immobilization device 1s water resistant and/or the

application should produce buoyancy effect for the patient.

Description of Figures

The present invention and its use are illustrated by the accompanying

figures.

Figure 1 shows the standard kit composition of the present invention.

Figures 2A and 2B show the preferred embodiment of the chemical heater.

Figures from 3A to 3H show the procedure for the use of the kit for

in situ immobilization according to the present invention.

Detailed Description of the Invention

1. The kit

The present invention relates to the kit (90) for in situ
immobilization of humans and animals as shown in Figure 1. According
to the present invention, the kit minimally contains one or more
immobilization devices (10), a chemical heater (30) and a container
for performing the reaction (20). The container for performing the
reaction (20) is the simplest element of the kit (90). The only

requirements the container must meet are that it is made of an
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impermeable material and its size is such that it can enclose at least
one immobilization device (10) and at least one chemical heater (30)
simultaneously. The kit (90) may further comprise a water container
(40) for storing water (50) or a water containing liquid (50) as shown

in Figure 1.

2. The container

In a preferred embodiment, the container (20) is made of a plastic
material having a melting point greater than 120°C, which does not
release any toxic substances into water at elevated temperatures.
Additionally, the desirable design is that the container (20) is made
as a plastic bag with an opening (22) on one side intended for the
insertion of the chemical heater (30) and the immobilization device
(10) - and with the possibility that water (50) is poured into it up
to the marked filling line (21). The filling mark (21) defines the
optimal amount of water or water containing ligquid (50) required for
activating the chemical heater (30), and the use of the whole kit
(90) . The said opening (22) also serves for removing the generated

steam (60) at the same time, as shown in Figure 3D.

3. The chemical heater

The structure of the chemical heater (30) is shown in Figure 2A and
Figure 2B. The construction is similar or identical to the solution
cited in the prior art document US 5,611,329. In the preferred
embodiment, the pockets (35) made within the chemical heater (30) are
filled with the chemical formulation (39). The pockets (35) have two
opposite outer surfaces (31) that are mutually connected. The chemical
heater’s outer surfaces (31) are connected wvia seam lines (33),
represented by an intermittent line in Figure 2A. The two opposite
outer surfaces are connected in any convenient way already known in
the prior art; i.e. by ultrasound welding, thermo-bonding, or gluing
along the desired portions of the opposite sides (31) - performed
along the said lines (33). The material for the outer surfaces (31)

is selected in the manner that it is capable of keeping the chemical
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formulation (39) within the made pockets (35), but it should be
permeable to water (50) or water containing liquid (50) wused for
starting the operation of the chemical heater (30) and to the gases

released during the chemical reaction.

In a preferred embodiment, the chemical formulation (39) consists of
the following mixture: Mg-Fe alloy, preferably with 5% atm. Fe, NaCl,
anti-foaming agent, and internal filler. The surfaces (31) are made
of polyester treated with a food-grade surfactant. Polyester surfaces
(31) are made gas and water-permeable. It is possible to provide the
channels in the design to facilitate the exchange of water and steam
within the chemical heater (30) and to speed up the chemical reaction.
These channels may allow the water (50) to penetrate to the fast-
corroding Mg-Fe alloy even faster, which results in the fastest
possible release of heat and steam. Basically, once water or water
containing liquid (50) is added, the following chemical reaction

occurs:

Mg + 2H,O0 —> Mg(OH): + Hy; + heat + steam

A person skilled in the art could use also other types of chemical
heaters. The essential requirement is that the degradation products
are non-toxic, and that the heater releases the amount of heat and
steam (60) necessary to sterilize and soften the immobilization device

(10) .

It is clear that the amount of the used chemical formulation (39),
intended to be prepared for in situ immobilization, depends on the
weight of the immobilization device (10). With respect to the above-
mentioned chemical reaction of magnesium oxidation, water (50) or some
other water containing liquid (50), even body liquid such as urine,
which predominantly contains water, is a suitable medium for heating

in the preferred embodiment.

4., The immobilization device
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A lot of information about the immobilization device (10) with
antifungal and antimicrobial activity has already been given in the
prior art review, however, some additional information about the

immobilization device used in the kit (90) is to be provided.

Concerning the fact that the chemical heater (30) is used in a water
medium, a person skilled in the art could conclude that the maximum
temperature that can be achieved during heating within the container
(20) is 100°C due to the water-steam phase transition. At a standard
pressure, this transition prevents further heating above the said
temperature. Therefore, one must keep in mind that the immobilization
device should be plastic at this temperature, as well as at somewhat

lower temperatures.

The immobilization device (10), used in the kit (90) with antifungal

and antimicrobial effects comprises:

A. a core (15) made of the mixture obtained from the said materials:
- a thermoplastic material with a melting point T, between 50°C -

100°C;

- an organic filler selected from among cork particles and other
wood particles that lower the specific weight of the mixture,
with a volume percentage from 5% to 60% in the core mixture;
and,

- an inorganic filler selected from among TiO:, Zn0O or their
combination, which exhibits antimicrobial and antifungal
properties, with a weight percentage up to 25% in the core
mixture; and optionally,

B. an additional outer cork layer (11), with antifungal and
antimicrobial properties, which partially or fully covers the
surface of the core (15) of the said immobilization device (10),
where the thickness of the cork layer (11l) is equal to or lower
than the lowest thickness of the core (15) of the said
immobilization device, where the said cork layer (11) is bound to

the core (15) by the core’s thermoplastic material.
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The application of the device (10) will be demonstrated on the

following examples.

Example 1

For the core preparation poly(e-caprolactone) is selected as the best
thermoplastic material according to the prior art. The Tn of poly(e-
caprolactone) is reported in the literature to be between 58°C and

65°C.

The core (15) is formed without an inorganic filler. In order to
amplify the antifungal and antimicrobial effects, an additional cork
layer (11) is formed on the external side of the core (15) by thermo-
bonding of the core’s PCL with the said cork layer (11). Regarding
the selection of the cork layer (11) thickness, the diameter of the
core (15) must be taken into consideration, i.e. it must bear the cork
layer (11) during the shaping of the core (15) in its plastic state,
as well as the already used amount of organic fillers that decrease

the core (15) thermo-bonding ability.

The organic filler is selected from among cork particles and other
wood particles that lower the specific weight of the mixture, and

should have a volume percentage from 5% to 60% in the core mixture.

Optionally, the core (15) can be provided with planar venting channels
(17) formed once the core (15) is in the plastic state during moulding,
or by thermal carving once the core (15) is solid. Perpendicular
venting channels (18) may be formed in the same manner, or even once
the cork layers (11) are bonded. The perpendicular venting channels
(18) may be formed, in an easy manner, by drilling a sandwich structure
made of the core (15) and the cork layers (11l) as depicted in Figure

3E.

While forming the venting channels, one has to consider the weakening
of the core (15) of the said immobilization device (10) by forming

the channels (17, 18).
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Example 2

This example is a modification of Example 1, in which the selected
organic filler consists only of cork particles which significantly
reduce the specific weight. The cork density 1is 0.2 g/cm3 and the
poly (e-caprolactone) density is around 1.145 g/cm3, from which it is
obvious that an immobilization device with a density below 1 g/cmd
(1000 kg/m3) is formed. Optionally, venting channels are made as in

Example 1.

Example 3

Example 3 1is a modification of Example 1 in which the core (15)
additionally contains inorganic fillers with a weight percentage of
up to 25% in the mixture, selected from among TiO,, Zn0O or their
combination, which have antimicrobial and antifungal properties. In
this embodiment, these inorganic fillers —contribute to the
strengthening of the core. In this option of the core embodiment, the
organic filler is used only to reduce the specific weight. Optionally,

venting channels are made as in Example 1.

Example 4

Example 4 is a modification of Example 3, in which the selected organic
filler consists only of cork particles which significantly reduce the
specific weight. Optionally, venting channels are made as in Example
1.

Example 5

For the core preparation poly(e-caprolactone) is selected again as

the best thermoplastic material according to the prior art.

The core (15) is formed without an inorganic filler and without outer

additional cork layer (11) but with a high percentage of the organic
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filler that is selected from among cork particles and other wood
particles that lower the specific weight of the mixture, with a volume
percentage close to 50% in the core mixture. Having in mind that the
primary source of the antifungal and antimicrobial effects now come
from the cork particles situated within the core (15), the content of
the organic filler has to be significant; possibly it should be
entirely made of cork particles. Optionally, venting channels are made

as in Example 1.

Example 6

Example 6 is a modification of Example 5 in which the core (15)
additionally contains inorganic fillers with a weight percentage up
to 25% in the mixture, selected from among TiO;, ZnO or their
combination, which have antimicrobial and antifungal properties. In
this embodiment, these inorganic fillers significantly contribute to
the strengthening of the core. In this option of the core embodiment,
the organic filler 1is wused only to reduce the specific weight.

Optionally, wventing channels are made as in Example 1.

The above listed examples are just a demonstration what types of

immobilization devices are suiltable to be used in this invention.

Other modifications

It is evident to the person skilled in the art that the general

possible choices are:

A. core (15) with or without outer cork layers (11);
B. core (15) with or without inorganic fillers selected;
C. core (15) with corks particles only or mixed with other wooden

particles;
where the bonding material 1is poly(e-caprolactone) (PCL) used
predominantly for forming the core (15) due to its physical

properties, which are already well described in the art.



_20_

WO 2019/201872 PCT/EP2019/059703

If the technical goal is to produce an immobilization device that is
extremely lightweight and water-resistant, the natural choice is the
PCL core (15) approx. 2-3 mm in thickness with previously pre-mixed
cork particles of 0.5 mm in diameter with a volume percentage up to
50% in the core mixture. Such cores (15) may be provided, optionally,
with perpendicular wventing channels (18) only with the channel’s
diameter up to 2 millimetres, and with the surface density of the

venting channels of approx. 1 channel per cm?.

Additionally, it is clear that the kit (90) can contain one or more
immobilization devices (10) as well as one or more chemical heaters
(30) for performing in situ immobilization, and optionally a water
container (40) - all according to the requirements in the field. A
great advantage is that nothing, but water is needed to be added to
the kit (if not already included into the kit) which makes it useful
equally as the gypsum kit with all advantages of usage of composite

materials mentioned in the prior art review.

Industrial Applicability

The present invention relates to the use of the kit (90) as such. The
use 1is presented in Figures 3A-3H which demonstrate steps of the

standard application.

As shown in Figure 3A, a chemical heater (30) and an immobilization
device (10) are inserted into the container (20), which is actually a
reinforced plastic bag, as presented in the examples above, and they
all form a structure shown in Figure 3B. After that, water (50) as
oxidizing agent or a water-containing liquid (50) is poured into the
container (20) as shown in Figure 3C, up to the filling line (21).
The container (20) is mildly shaken in order to moist the chemical
heater (30) and start the exothermic reaction of the formulation (39)
of the chemical heater (30) with water. Then, the container is left
to sit on a horizontal surface, as shown in Figure 3D. The chemical
reaction releases heat and steam (60) which sterilize the

immobilization device (10), and come out of the opening (22) on the
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container (20) . If channels (17, 18) are provided on the
immobilization device (10), the steam (60) sterilises even more
quickly and activates the crystalline aliphatic suberin fraction of

cork.

In addition, if Mg (OH): is formed in the reaction, once dissolved in
the water it promotes the suberin moieties release from wood or cork
material used for forming the immobilization device (10), where the

moieties further sterilize the immobilization device (10) as such.

The heating of the container (20) content brings the core (15) of the
immobilization device (10) into a plastic state, as shown in Figures

3E and 3F.

Due to a large thermal diffusivity coefficient of such heated
materials, the said material is in the plastic state and immediately
ready for direct application to the skin (100) of a patient, human or
animal, essentially without the step of cooling and without causing
discomfort or burns; Figures 3G and 3H. In view of the above-mentioned
facts, one can conclude that the industrial applicability of the

present invention, in the widest sense of its definition, is obvious.
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CLAIMS

A kit (90) for in situ immobilization of humans and animals, where

the said immobilization is possible to be performed by using water

or water-containing liquid (50) only and without other adjuvants,

where water (50) serves as an oxidizing agent; where the said kit

(90)

minimally comprises:

one or more immobilization devices (10);

at least one chemical heater (30) with a chemical formulation
(39) which produces heat in an exothermic reaction with water
or water-containing liquid (50);

a container (20) capable of simultaneously enclosing at least
one immobilization device (10) and at least one chemical
heater (30); where the said container (20) 1is made of

impermeable material;

characterized by that

the immobilization device (10) consists of:
A. a core (15) made of the mixture obtained from:

- a thermoplastic material with a melting point Tnq
between 50°C - 100°C;

- an organic filler selected from among cork particles
and other wood particles that lower the specific
weight of the mixture, with a volume percentage from
5% to 60% in the core (15) mixture; and,

- an inorganic filler selected from among TiO:;, ZnO or
their combination and which exhibits antimicrobial
and antifungal properties, with a weight percentage
up to 25% in the core (15) mixture; and optionally,

B. an additional outer cork layer (11) with antifungal and
antimicrobial ©properties, which partially or fully
covers the surface of the core (15) of the said
immobilization device (10), where the thickness of the
cork layer (11) is equal to or lower than the lowest
thickness of the core (15) of the said immobilization
device (10), where the said cork layer (11) is bound to

the core (15) by the core’s thermoplastic material;
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- where an exothermic reaction, started when the chemical
heater (30) and the water or water-containing ligquid (50)
come into contact, heats up the immobilization device (10)
positioned within the container (20) to temperatures higher
than 80°C in a direct contact of the immobilization device
(10) with the heater (30), and additionally with the generated
hot steam (60) which accumulates within the container (20);
where the said generated steam (60) is released through one
or more openings (22) on the container (20);

- wherein the said exothermic reaction brings the core (15)
into the plastic state in which it is easily shaped by a
surgeon; where the released steam (60) and heat sterilize the
said immobilization device (10) and activate the crystalline
aliphatic suberin fraction of cork; and

- where the thermal diffusivity coefficient of the
immobilization device core (15), or optionally the thermal
diffusivity coefficient of the cork layers (11) allows direct
application of the immobilization device (10) to the human

or animal skin (100) without causing discomfort or burns.

A kit (90) for in situ immobilization according to claim 1,
wherein the said kit (90) comprises a container (40) for water or
water-containing liquid (50) as an oxidizing agent in the amount

sufficient for starting all chemical heaters (30).

A kit (90) for in situ immobilization according to any of claims

1 or 2, wherein the core (15) is manufactured to contain a mesh

of planar venting channels (17) and perpendicular venting channels

(18), where all or a part of the perpendicular wventing channels

(18) extend through the cork layers (11) if applied; where the

said venting channels (17, 18):

(1) promote venting of the human or animal skin surface (100)
through the said immobilization device (10), and

(11) promote heating of the core (15) by the generated steam
(60) and indirectly improve the sterilization of the said

immobilization device (10) before the use.



WO 2019/201872 —25- PCT/EP2019/059703

A kit (90) for in situ immobilization according to any of the
preceding claims, wherein the chemical formulation (39) is based
on fast-corroding alloys, preferably on magnesium alloys and most
preferably on the alloy Mg - 5% atm. Fe, where the oxidation
reaction with magnesium produces heat, steam (60) and Mg (OH):-
which, once dissolved in water (50), promotes suberin moieties
release from wood or cork material wused for forming the

immobilization device (10).

A kit (90) for in situ immobilization according to any of the
preceding claims, wherein the selected thermoplastic material for

the core (15) formation is biodegradable poly(e-caprolactone).

A kit (90) for in situ immobilization according to claim 35,
wherein the selected organic filler for the core (15) formation
consists of cork particles only, exhibiting antifungal and

antimicrobial properties.

A kit (90) for in situ immobilization according to any of claims

5-6, wherein the core (15) is formed without an inorganic filler.

A kit (90) for in situ immobilization according to any of claims
5-7, wherein the outer cork layer (11) is absent, and where the
core (15) applied directly to the human or animal skin (100)

exhibits antifungal and antimicrobial properties per se.

A kit (90) for in situ immobilization according to any of the
preceding claims wherein the density of the immobilization device

(10) is less than 1000 kg/ms.

Method of using the kit (90) for in situ immobilization defined
by any of claims 1-9, wherein the said method includes the
following steps:

a) insertion of the immobilization device (10) and the chemical

heater (30) into the impermeable container (20);
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dosing the water or water—-containing liquid (50) into the
container (20) up to the filling line (21) marked on the
container (20);

leaving the immobilization device (10) and the activated
chemical heater (30) within the container (20), on a flat
surface to enable free release of the generated steam (60)
through the container openings (22) while the chemical
reaction, performed by the said chemical heater (30), brings
the core (15) into the plastic state; and

an immediate application of the immobilization device (10)
onto the human or the animal skin (100), without any danger

for surgeon or patient.

Use of the kit (90) for in situ immobilization according to any

of claims 1-9, wherein the immobilization device (10) is water

resistant and the application produce buoyancy effect for the

patient.



1/4 PCT/EP2019/059703

WO 2019/201872

33— / 30
).
s

33
33
33
33

31
35
31
3
35
31
3

33

f39

Figure 1
/39

31
_____\H_ar____

|I

.......‘..... |
|
=i

—_ - — —— — —— — — ——— —— —

»

Figure 2B

Figure 2A



WO 2019/201872 2 / 4 PCT/EP2019/059703

30
i%?é?gg' §S
Figure 3A AL

rgﬁ f// .-/_40
N
10~ &
L\
s0-JHE |
N> ] 10--
| |
N
\ a 30 _
hkzo
Figure 3B

Figure 3C



WO 2019/201872 3 / 4 PCT/EP2019/059703

60
»'\“
\ '/,
\
22 //I
30 10 \y/////
/
20 50 ')
)
// /
S0 g %
S EéifViéfé;iﬁiééiéﬁffiééégiiti::;;t;:
= = = = ==X
77
Figure 3D
18
18
1717
15
11
11

10

11

Figure 3E



WO 2019/201872 4/4 PCT/EP2019/059703

/

1L
15

Figure 3F

Figure 3G Figure 3H



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2019/059703

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61L15/08 A61L15/12
ADD.

A61L15/14

A61F5/058

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A6IL A61F

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

PAERSSINEN ANTTI [FI])

page 12, lines 1-3
page 19, Tines 11-22
claims 1-3, 17-19

claims 1, 11, 14

27 July 2006 (2006-07-27)
page 7, lines 6-21
claims 1, 9-14, 25

16 September 2010 (2010-09-16)

A WO 2010/103186 A2 (ONBONE OY [FI]; 1-11

A US 2015/257918 Al (LAUBACH ADAM [US] ET 1-11
AL) 17 September 2015 (2015-09-17)

X WO 2006/076932 Al (TAPE COMPANY BV T [NL]; 1-11
ORTOPEDIJOS KLINIKA UAB [LT] ET AL.)

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

5 July 2019

Date of mailing of the international search report

18/07/2019

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Heck, Georg

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2019/059703
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2010103186 A2 16-09-2010 AU 2010222771 Al 03-11-2011
AU 2010222772 Al 27-10-2011
BR PI1008947 A2 16-08-2016
CA 2755126 Al 16-09-2010
CA 2755128 Al 16-09-2010
CN 102387818 A 21-03-2012
CN 102405062 A 04-04-2012
EA 201190164 Al 30-01-2013
EA 201190165 Al 30-03-2012
EP 2405949 A2 18-01-2012
EP 2405950 A2 18-01-2012
EP 2405951 A2 18-01-2012
EP 3106180 A2 21-12-2016
FI 20095251 A 12-09-2010
JP 5670361 B2 18-02-2015
JP 5761719 B2 12-08-2015
JP 2012520099 A 06-09-2012
JP 2012520368 A 06-09-2012
KR 20120026033 A 16-03-2012
KR 20120044921 A 08-05-2012
NZ 595557 A 30-01-2015
NZ 595696 A 28-03-2014
US 2012071590 Al 22-03-2012
US 2012073584 Al 29-03-2012
US 2012090759 Al 19-04-2012
US 2014188021 Al 03-07-2014
US 2017058120 Al 02-03-2017
WO 2010103186 A2 16-09-2010
WO 2010103187 A2 16-09-2010
WO 2010103188 A2 16-09-2010
ZA 201107117 B 27-06-2012
ZA 201107118 B 27-06-2012

US 2015257918 Al 17-09-2015 CA 2942376 Al 17-09-2015
CN 106102664 A 09-11-2016
EP 3116455 A2 18-01-2017
JP 2017507729 A 23-03-2017
KR 20160132932 A 21-11-2016
US 2015257918 Al 17-09-2015
US 2018140456 Al 24-05-2018
WO 2015138709 A2 17-09-2015

WO 2006076932 Al 27-07-2006 AT 504275 T 15-04-2011
CA 2592271 Al 27-07-2006
EP 1845907 Al 24-10-2007
US 2008103423 Al 01-05-2008
WO 2006076932 Al 27-07-2006
WO 2006077158 Al 27-07-2006

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - wo-search-report
	Page 34 - wo-search-report

