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DRAFT
Wound Model Device and Method

The present invention relates to a wound model for debridement
training and other educational purposes. The invention also
provides a method for manufacturing such a model. The
invention further provides a composition that can be
manufactured using natural sustainable materials without the

incorporation of antmal-based products.

Current wound models that are used for debridement training and
educational purposes on today’s market are often costly and
poorly resemble the appearance and textures of real-life wounds.
Current practice involves the use of orange peel or pig’s feet.
Although, orange peel may superficially resemble the texture of
some types of necrotic wound tissue, it does not accurately
stmulate the complex biological and physiological properties or
the variety of wound types that clinicians may encounter in
practice. Moreover, using inappropriate materials for wound
debridement instruction may convey incorrect or misleading
information to learners and ultimately compromise patient safety.
Utilising pig’s feet 1s perhaps more realistic anatomically,
however, there are several problems associated with their use that
include ethical concerns around the use of animal tissue for
teaching, infection risk, a limited range of wound types (as pigs
feet can only stmulate a limited range of wound types), lack of
realism and difficulty in sourcing 1n some regions, limiting their
availability and cost - especially if they need to be purchased in

large quantities or shipped from a remote location.

There are also synthetic models which look very realistic, but they
are not training devices and can’t be debrided as they are designed
for observational purposes only. The only interactive model for

debridement purposes known 1n the art (see US9972218) uses a
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combination of polystyrene foam, clay, paint, leather and glue to
create a reusable model [1], however, none of these materials
exhibit bulk mechanical properties that are comparable to real

tissue.

It 1s therefore an aim of the present invention to provide a wound

model that addresses the abovemntioned problems.

It 1s a further aim of the present invention to provide a method
of producing and/or assembling a wound model that addresses

the abovementioned problems.

It 1s a yet further aim of the present invention to provide a
suitable wound model that better recapitulates chronic wounds as

they appear in patients in the clinic.

In a first aspect of the invention there 1s provided a wound model
device, said device comprising at least two layers, at least one of
said layers 1s a base layer that mimics healthy skin wherein the

base layer 1s a biopolymer.

Preferably the device comprises two or more layers wherein the
base layer comprises a gel forming biopolymer. Typically the

device includes a sloughy layer and/or a necrotic layer.

In a preferred embodiment the device includes a base layer, a

sloughy layer and a necrotic layer.

In one embodiment the base layer includes a biopolymer and at
least one dye or pigment. Typically the base layer i1s made of
biopolymer and can be dyed to match a range of different skin

colours and tones.
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Further typically the base layer comprises any one or any
combination of agarose, agar, gellan gum, =xanthan gum,
carrageenan, methylcellulose hydroxypropylmethyl cellulose,
chitosan, polysaccharide of tamarind seed, pectin, curdlan,
gelatin, furcellaran, agarose sulphate, alginates, guar gum, locust
bean gum, tara gum, gum Arabic, ghatti gum, Khaya grandifolia
gum, tragacanth gum, karaya gum, arabinan, starch, konjac
mannan, galactomannan, funoran, acetan, welan, rhamsan,
succinoglycan, scleroglycan, schizophyllan, pullulnan, dextran

and dextran sulphate.

Preferably, the gel forming biopolymer substantially forming the

base layer 1s agarose.

Typically the amount of agarose used in the base layer is
preferably greater than 0.5 wt%, more preferably greater than 1
wt%. The amount of agarose 1s preferably below 4 wt%, more

preferably less than 3 wt%.

In one embodiment pink dye paste and/or brown dye paste can
be added to agarose. Typically the dye is added to agarose
solution prior to solidification to obtain different skin colour

tones.

In one embodiment the sloughy layer comprises a viscoelastic

biopolymer. Typically the sloughy layer 1s a granular gel.
Further typically the sloughy layer comprises any one or any
combination of custard powder, casein, whey protein, gluten, or

polysaccharide based granular gels.

Preferably the slough 1s prepared from custard powder.
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Typically the amount of custard powder used in the slough is
preferably greater than 5 wt%, more preferably greater than 10
wt%. The amount of custard powder 1s preferably below 30 wt%,
more preferably less than 20 wt%.

In one embodiment the sloughy layer 1s located subtantially above
the base layer. Typically the sloughy layer is a layer of loosely
adherent yellow slough that can be removed using mechanical

debridement.

In one embodiment the model includes exudate. Typically the
exudate 1s prepared from a fluid gel materials. Further typically
the exudate is prepared from any one or any combination of
agarose, agar, gellan gum, xanthan gum, carrageenan,
methylcellulose  hydroxypropylmethyl cellulose, chiotosan.
polysaccharide of tamarind seed, pectin, curdlan, gelatin,
furcellaran, agarose sulphate, alginates, guar gum, locust bean
gum, tara gum, gum Arabic, ghatti gum, Khaya grandifolia gum,
tragacanth gum, karaya gum, arabinan, starch, konjac mannan,
galactomannan, funoran, acetan, welan, rhamsan, succinoglycan,
scleroglycan, schizophyllan, pullulnan, dextran and dextran
sulphate. Preferably, exudate gel forming biopolymer 1s agarose.
The amount of agarose used should be greater than 0.1% wt%
preferably greater than 0.3% wt%. The amount of agarose 1s also
preferably below 3% and more preferably below 1 %. In this

embodiment the concentration of agarose used 15 0.5% wt.

In one embodiment the uppermost layer 1s the necrotic layer.
Typically the necrotic layer exhibits leathery black necrotic eschar

that requires a scalpel to facilitate removal.

In one embodiment the necrotic layer comprises any one or any
combination of gel forming biopolymer such as agarose, agar,

gellan gum, xanthan gum, carrageenan, methylcellulose



10

15

20

25

30

WO 2024/256844 PCT/GB2024/051544
5

hydroxypropylmethyl cellulose, chiotosan. polysaccharide of
tamarind seed, pectin, curdlan, gelatin, furcellaran, agarose
sulphate, alginates, guar gum, locust bean gum, tara gum, gum
Arabic, ghatti gum, Khaya grandifolia gum, tragacanth gum,
karaya gum, arabinan, starch, konjac mannan, galactomannan,
funoran, acetan, welan, rhamsan, succinoglycan, scleroglycan,

schizophyllan, pullulnan, dextran and dextran sulphate.

Preferably, gel forming biopolymer 1s agarose. Typically the
amount of agarose used in the skin base 1s preferably greater than
0.5 wt%, more preferably greater than 1 wt%. The amount of
agarose 1s preferably below 4 wt%, more preferably less than 3
wt%. Further typically black dye paste 1s added to agarose

solution prior to solidification to obtain deep black colouration.

In one embodiment a plasticiser can also be added. Typically the
plasticiser can include any one or any combination of glycerol,
propylene glycol, propylene glycol, sorbitol, mannitol, sucrose,
trehalose, glucose, dextrose, urea, polyethylene glycol,

polycarbonates and polyphosphoesters.

In a preferred embodiment the plasticiser 1s glycerol. Typically
the amount of glycerol used 1s preferably greater than 5% wt%,
more preferably greater than 10% wt%. The amount of glycerol 1s
preferably below 50% wt%, more preferably below 30% wt%.

In one embodiment a preservative can also be added. Tpically the
preservative can be any one or any combination of diazolidinyl
urea, sodium benzoate, potassium benzoate, benzoic actd, methyl
paraben, propyl paraben, butyl paraben, sodium azide, sodium
metabisulphite, sorbic acid, potassium sorbate. Preprepared

preservative systems can be used such as Germaben II.
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In one embodiment coloured dye paste can be added to agarose
solution prior to solidification to obtain different skin colour

tones.

Typically additional appendages can also be added such as hair,

tendon, bone blood vessels for a more realistic appearance.

In a second aspect of the invention there 1s provided a method of
forming a wound model device, said device including at least two
layers, at least one of said layers 1s a base layer that mimics healthy

skin wherein the base layer 1s a biopolymer.

In one embodiment the compositions comprising the base layer
are prepared from agarose. Typically low EEO grade agarose.
Further typically pink and/or brown dye paste 1s included.

In one embodiment the agarose powder was dispersed in a small
amount of cold deionised water. Typically around 10% of water
content.  Further typically once dispersed, the rest of the
deionised water was added was added hot (>80 °C) to create a 2%

w/w agarose solution.

In one embodiment 20 % glycerol 1s added followed by the

remaining deionised water.

In one embodiment the mixture was stirred and heated to ~85 °C
and a homogenous solution was evident. Typically the solution
is then cooled to around 50 °C and a preservative system added.

In one embodiment Germaben Il was used at a concentrations
between 0.5% and 1% w/v.

Typically a sufficient quantity of dye paste is added until solution

became opaque. For different skin tones different quantities and
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colours can be added. This provided the healthy skin base

material.

Typically the hot agarose solution was then poured into a mould
that defines the shape and dimensions of the required wound.

Further typically the mould 1s a 3D printed mould.

The composition is then allowed to set at room temperature.

Additional appendages such as hair can be added prior to the

biopolymer or agarose fully setting.

In one embodiment the sloughy layer 1s produced by weighing the
appropriate quantity of custard powder for a 15% w/w solution
then was added to a beaker of cold deionised water. Typically the
solution is heated to fully solubilise the custard powder. The
composition is typically allowed to thicken and solidify.

In one embodiment, once solidified the sloughy layer composition
is placed at 4 °C to cool. Once cooled prior to use, the gelled
custard was stirred to produce a granular material that was used

as the slough in the wound model.

In one embodiment artificial exudate 1s prepared by dispersing
agarose in detonised water. Typically artificial exudate 1s prepared
by dispersing 0.5% wt agarose in deionised water at around 90°C
and then once fully dissolved cooling to 20 °C under a shear.

Further typically the shear 1s constant at around 700 rpm.

In one embodiment the necrotic eschar layer composition is
prepared from agarose and a dye. Typically the dye is black dye
paste.
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In one embodiment the agarose powder 1s dispersed in a small
amount of cold detonised water, typically around 10% of water
content.  Further typically once dispersed, the rest of the
detonised water 1s added hot (>80 °C) to create a 2% w/w agarose

solution.

Typically the mixture is stirred and heated to ~85 °C until the
material was fully hydrated and a homogenous solution was

evident.

Further typically a sufficient quantity of black dye paste 1s added
until solution is opaque. This provides the necrotic eschar

material.

In one embodiment the hot agarose solution was then poured into
a mould that contains the shape and dimensions of the required
necrotic eschar. This was then allowed to set at 4 °C. The
remaining black agarose solution can then be stored in the fridge

at 4 °C and reused.

Typically to reuse once cooled, the material is heated in a
microwave for ~30 seconds until the agarose gel has melted and

can be poured.

In one embodiment the wound model device 1s assembled by
removing the base layer from the mould and any imperfections

trimmed away around the edges using a scalpel.

Typically a drop of red food colouring is added to the wound
cavity and carefully spread evenly taking care to prevent ‘bleed’

into the small channels at the edges of the cavity.
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Further typically a second drop of red food colouring was added
into the centre of the wound cavity to make a darker red colour

at the centre.

In one embodiment the slough layer is then added to fill the
cavity. Typically the slough layer 1s added until flush with the

base layer or healthy skin region.

In one embodiment the necrotic layer or gelled agarose eschar was
1s removed from the mould and placed on the artificial slough.
Typically the layer 1s cut in half before being placed on the slough
layer and gently pressed into the slough until flush with the
healthy skin region base layer.

In one embodiment artificial exudate 1s added onto the surface of
the slough. Typically then the gelled agarose eschar is then
removed from the mould and cut in half and placed on the
artificial slough and exudate. Further typically the eschar is gently
pressed into the slough until flush with the healthy skin region.

In one embodiment the top of the necrotic layer eschar 1s then
cauterized from the edge towards the centre until a thin film 1s
visible on the surface and the edges are bound to the healthy skin

region of the base layer.

In a further aspect of the invention there 1s provided a wound
model based on a composition containing a biopolymer gel base
and a viscoelastic biopolymer for the sloughy tissue. Typically a
solid leathery biopolymer necrotic eschar is included. Further
tpytcally other minor ingredients such as colouring agents,

plasticisers and/or preservatives can be included.

Typically the remainder of the composition is watet.
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Specific embodiment of the invention are now described with

reference to the following figures wherein:

Our preliminary work has demonstrated the feasibility of
upscaling and automating chronic wound model production, using
relatively cheap materials and robust 3D printing technologies.

Initially, a 3D printed mould 1s used to cast the base of the skin
mimic, within which the wound void is situated. The base layer 1s
made of biopolymer and can be dyed to match a range of different
skin colours and tones. It features a smooth, skin-like appearance
at the surface that surrounds a wound void with red, rough
granulation tissue lining the wound bed (Fig 1A). Above the
granulation tissue 1s a layer of loosely adherent yellow slough that
can be removed using mechanical debridement (Fig 1B). The
uppermost layer of the wound region exhibits leathery black
necrotic eschar that requires a scalpel to facilitate removal (Fig

1C) - as 1s often the case in real-life wounds.

The mechanical properties of the model layers have been matched
to be similar to those in human tissue. There 1s also further scope
and potential to incorporate additional apparatus to make these
models even more life-like to better aid in debridement training
and demonstrations, featuring bone, tendon, muscle and blood
vessels within the underlying layers as well as offering a range of

wound dimensions.

The present invention relates to a wound model based on a
composition containing a biopolymer gel base, viscoelastic
biopolymer for the sloughy tissue, a solid leathery biopolymer
necrotic eschar and other minor ingredients such as colouring
agents plasticisers and preservatives. The remainder of the

composition being water.

Skin Base composition
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The skin base polymer can be a gel forming biopolymer, such as
agarose, agar, gellan gum, xanthan gum, carrageenan,
methylcellulose hydroxypropylmethyl cellulose, chitosan,
polysaccharide of tamarind seed, pectin, curdlan, gelatin,
furcellaran, agarose sulphate, alginates, guar gum, locust bean
gum, tara gum, gum Arabic, ghatti gum, Khaya grandifolia gum,
tragacanth gum, karaya gum, arabinan, starch, konjac mannan,
galactomannan, funoran, acetan, welan, rhamsan, succinoglycan,
scleroglycan, schizophyllan, pullulnan, dextran and dextran
sulphate. Preferably, gel forming biopolymer 1s agarose. The
amount of agarose used in the skin base 1s preferably greater than
0.5 wt%, more preferably greater than 1 wt%. The amount of
agarose 1s preferably below 4 wt%, more preferably less than 3

wt%o.

A plasticiser can also be added such as glycerol, propylene glycol,
propylene glycol, sorbitol, mannitol, sucrose, trehalose, glucose,
dextrose, urea, polyethylene glycol, polycarbonates and
polyphosphoesters. In this embodiment glycerol 1s preferred. The
amount of glycerol used 1s preferably greater than 5% wt%, more
preferably greater than 10% wt%. The amount of glycerol 1s
preferably below 50% wt%, more preferably below 30% wt%.

A preservative can also be added such as diazolidinyl urea, sodium
benzoate, potassium benzoate, benzoic acid, methyl paraben,
propyl paraben, butyl paraben, sodium azide, sodium
metabisulphite, sorbic acid, potassium sorbate. Or preprepared

preservative systems can be used such as Germaben II.

Coloured dye paste can be added to agarose solution prior to

solidification to obtain different skin colour tones Fig 2A.

Additional appendages can also be added such as hair, tendon,

bone blood vessels for a more realistic appearance. In this
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embodiment artificial hair was added to the surface of the agarose

prior to gelation. (Fig 2B)

Sloughy tissue composition

The sloughy tissue can be prepared from materials such as custard
powder, casein, whey protein, gluten, or polysaccharide based
granular gels. Preferably the slough 1s prepared from custard
powder. The amount of custard powder used in the slough i1s
preferably greater than 5 wt%, more preferably greater than 10
wt%. The amount of custard powder 1s preferably below 30 wt%,
more preferably less than 20 wt%.

Exudate Composition

Exudate can be prepared from a fluid gel materials such as
agarose, agar, gellan gum, xanthan gum, carrageenan,
methylcellulose  hydroxypropylmethyl cellulose, chiotosan.
polysaccharide of tamarind seed, pectin, curdlan, gelatin,
furcellaran, agarose sulphate, alginates, guar gum, locust bean
gum, tara gum, gum Arabic, ghatti gum, Khaya grandifolia gum,
tragacanth gum, karaya gum, arabinan, starch, konjac mannan,
galactomannan, funoran, acetan, welan, rhamsan, succinoglycan,
scleroglycan, schizophyllan, pullulnan, dextran and dextran
sulphate. Preferably, gel forming biopolymer 1s agarose. The
amount of agarose used should be greater than 0.1% wt%
preferably greater than 0.3% wt%. The amount of agarose 1s also
preferably below 3% and more preferably below 1 %. In this

embodiment the concentration of agarose used 15 0.5% wt.

Necrotic l.ayer composition

The necrotic layer can be prepared from a gel forming biopolymer
such as agarose, agar, gellan gum, xanthan gum, carrageenan,
methylcellulose  hydroxypropylmethyl cellulose, chiotosan.
polysaccharide of tamarind seed, pectin, curdlan, gelatin,

furcellaran, agarose sulphate, alginates, guar gum, locust bean
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gum, tara gum, gum Arabic, ghatti gum, Khaya grandifolia gum,
tragacanth gum, karaya gum, arabinan, starch, konjac mannan,
galactomannan, funoran, acetan, welan, rhamsan, succinoglycan,
scleroglycan, schizophyllan, pullulnan, dextran and dextran
sulphate. Preferably, gel forming biopolymer 1s agarose. The
amount of agarose used in the skin base 1s preferably greater than
0.5 wt%, more preferably greater than 1 wt%. The amount of
agarose 1s preferably below 4 wt%, more preferably less than 3
wt%. Black dye paste should be added to agarose solution prior

to solidification to obtain deep black colouration.

Example 1: Wound Model Assembly

Preparation of Healthy Skin Wound Base: Skin base compositions
were prepared from agarose (low EEO grade) and pink dye paste.
The agarose powder was dispersed in a small amount of cold
detonised water (10% of water content) and once dispersed, 20%
glycerol was added followed by the remaining deionised water
added hot (>80 °C) to create a 2% w/w agarose solution. The
mixture was stirred and heated to ~85 °C using a heated magnetic
stirrer set to ~700 rpm until the material was fully hydrated and
a homogenous solution was evident. The solution was then cooled
to 50°C and the preservative system was added. In this
embodiment Germaben Il was used at a concentrations between
0.5% and 1% w/v. A sufficient quantity of pink dye paste was
gently added until solution became opaque. For different skin
tones different quantities and colours can be added. This provided
the healthy skin base material. The hot agarose solution was then
poured into a 3D printed mould that contains the shape and
dimensions of the required wound. This was then allowed to set
at room temperature. Additional appendages such as hair could be

added prior to the agarose fully setting.

Preparation of Artificial Sloughy Tissue: The artificial sloughy

tissue composition was prepared by weighing the appropriate
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quantity of custard powder for a 15% w/w solution then was
added to a beaker of cold deionised water ~25 ml per model. The
solution was heated to fully solubilise the custard powder, then 1t
was allowed to thicken and solidify. Once solidified it was placed
at 4 °C to cool. Once cooled prior to use, the gelled custard was
stirred to produce a granular material that was used as the slough

in the wound model.

Preparation of Artificial Exudate: Artificial exudate was prepared
by dispersing 0.5% wt agarose in deionised water at 90 °C and
then once fully dissolved cooling to 20 °C under a constant shear
of 700 rpm.

Preparation of Artificial Necrotic Eschar Solution: The necrotic
eschar compositions were prepared from agarose (low EEO
grade) and black dye paste. The agarose powder was dispersed in
a small amount of cold deionised water (10% of water content)
and once dispersed, the rest of the detonised water was added was
added hot (>80 °C) to create a 2% w/w agarose solution. The
mixture was stirred and heated to ~85 °C using a heated magnetic
stirrer set to ~700 rpm until the material was fully hydrated and
a homogenous solution was evident. A suffictent quantity of black
dye paste was gently added until solution became opaque. This
provided the necrotic eschar material. The hot black agarose
solution was then poured into a 3D printed mould that contains
the shape and dimensions of the required necrotic eschar. This
was then allowed to set at 4 °C. The remaining black agarose
solution can then be stored in the fridge at 4 °C and reused (to
reuse once cooled, the material should be heated 1n a2 microwave
for ~30 seconds until the agarose gel has melted and can be

poured).

Wound Model Assembly: The wound bed was gently removed

from the mould and any imperfections trimmed away around the
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edges using a scalpel. A drop of red food colouring was added to
the wound cavity and carefully spread evenly taking care to
prevent ‘bleed’ into the small channels at the edges of the cavity.
A second drop of red food colouring was added into the centre
of the wound cavity to make a darker red colour at the centre,
then was left for 5 min (Fig 3A). Artificial slough was then added
to fill the cavity using a spatula, until flush with the healthy skin
region. Artificial exudate was then added onto the surface of the
slough and then the gelled agarose eschar was then removed from
the mould and cut in half and placed on the artificial slough and
exudate and gently pressed into the slough until flush with the
healthy skin region. The top of the eschar was then cauterized
from the edge towards the centre using a blow torch until a thin
film 1s visible on the surface and the edges are bound to the

healthy skin region (Fig 3B).

Example 2:Rheological analysis

Rheological analysis of the skin base and the sloughy tissue was
carried out using small deformation oscillatory measurements
with a 40 mm parallel plate geometry mounted on a Malvern
Gemini Rheometer (Malvern Instruments, UK) fitted with peltier
plate thermal control. Amplitude sweeps were performed first to
determine the elasticity of the materials where changes in G’
(elastic modulus) as a function of strain were measured. The skin
base was shown to have a similar elastic behaviour to full
thickness adult healthy skin [2] with a linear viscoelastic region
(LVR) lying between 0.1% - 1% strain (Fig 4A). The frequency
sweeps of the skin base (Fig 4B) showed strong gel behaviour with
G’>G” across all frequencies measured with values in the same
order of magnitude of full thickness healthy skin. The strain
sweeps for the sloughy tissue (Fig 4C) showed that the LVR
extended to almost 10% strain highlighting the elastic behaviour
of the slough. Moreover, the frequency sweep data showed solid-

like behaviour with G’>G” across all frequencies measured,
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however, at higher frequencies G” (viscous modulus) began to
increase indicating break down of polymer interactions (Fig 4D).
This solid like behaviour at low frequencies and the onset of more
viscous behaviour at higher frequencies allows the slough to
remain within the wound void at rest but when debriding will have
increased viscous behaviour, similar to that of native sloughy

tissue.

To quantify the mechanical properties of the eschar layer, a
texture analyser was used to perform elongation measurements to
generate force deformation curves. Dog bone shaped eschar
material was secured with clamps on the texture analyser. Strain
was then measured as a function of stress and mechanical
properties were calculated from the resulting force deformation
curve, which showed characteristic brittle fracture behaviour (Fig
5). In this embodiment the matertal had an average Youngs
modulus of 0.78 kPa and a tensile strength of 34.49 MPa.
Although this was relatively low in stiffness and strength, the
mechanism of fracture and realistic organoleptic properties
demonstrates how eschar will likely behave during debridement
as real eschars have previously been described to be brittle in
nature [3]. Moreover, the tailorable nature of the material used
for the eschar provides scope to further optimise the mechanical

properties if required.
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Claims

1. A wound model device, said device comprising at least two
layers, at least one of said layers 1s a base layer that mimics healthy

skin wherein the base layer 1s a biopolymer.

2. A wound model device according to clatm 1 wherein the device
comprises two or more layers wherein the base layer comprises a

gel forming biopolymer.

3. A wound model device according to claim 2 wherein the device

includes a sloughy layer and/or a necrotic layer.

4. A wound model device according to claims 1-3 wherein the

base layer includes a biopolymer and at least one dye or pigment.

5. A wound model device according to claims 1-4 wherein the
base layer comprises any one or any combination of agarose, agar,
gellan gum, xanthan gum, carrageenan, methylcellulose
hydroxypropylmethyl cellulose, chitosan, polysaccharide of
tamarind seed, pectin, curdlan, gelatin, furcellaran, agarose
sulphate, alginates, guar gum, locust bean gum, tara gum, gum
Arabic, ghatti gum, Khaya grandifolia gum, tragacanth gum,
karaya gum, arabinan, starch, konjac mannan, galactomannan,
funoran, acetan, welan, rhamsan, succinoglycan, scleroglycan,

schizophyllan, pullulnan, dextran and dextran sulphate.

6. A wound model device according to claim 5 wherein the gel
forming biopolymer substantially forming the base layer is

agarose.

7. A wound model device according to claim 6 wherein agarose

used 1n the base layer 1s between 0.5 wt% and 3 wt%.
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8. A wound model device according to claim 7 wherein dye paste

1s added to the agarose.

9. A wound model device according to claim 3 wherein the

sloughy layer comprises a viscoelastic biopolymer.

10. A wound model device according to claim 9 wherein the

sloughy layer 1s a granular gel.

11. A wound model device according to claim 10 wherein the
sloughy layer comprises any one or any combination of custard
powder, casein, whey protein, gluten, or polysaccharide based

granular gels.

12. A wound model device according to claim 11 wherein the

amount of custard powder used in the slough 1s between 5 wt%
and 30 wt%.

13. A wound model device according to claims 3-12 wherein the

sloughy layer 1s located subtantially above the base layer.

14. A wound model device according to claim 13 wherein the

model includes exudate prepared from a fluid gel materials.

15. A wound model device according to claim 14 wherein the
exudate 1s prepared from any one or any combination of agarose,
agar, gellan gum, xanthan gum, carrageenan, methylcellulose
hydroxypropylmethyl cellulose, chiotosan. polysaccharide of
tamarind seed, pectin, curdlan, gelatin, furcellaran, agarose
sulphate, alginates, guar gum, locust bean gum, tara gum, gum
Arabic, ghatti gum, Khaya grandifolia gum, tragacanth gum,
karaya gum, arabinan, starch, konjac mannan, galactomannan,
funoran, acetan, welan, rhamsan, succinoglycan, scleroglycan,

schizophyllan, pullulnan, dextran and dextran sulphate.
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16. A wound model device according to claim 15 wherein the
exudate gel forming biopolymer 1s agarose 1n an amount 0.1 wt%-
3 wt%.

17. A wound model device according to claims 3-16 wherein the

uppermost layer 1s the necrotic layer.

18. A wound model device according to claim 17 wherein the
necrotic layer comprises any one or any combination of gel
forming biopolymer such as agarose, agar, gellan gum, xanthan
gum,  carrageenan, methylcellulose  hydroxypropylmethyl
cellulose, chiotosan. polysaccharide of tamarind seed, pectin,
curdlan, gelatin, furcellaran, agarose sulphate, alginates, guar
gum, locust bean gum, tara gum, gum Arabic, ghatti gum, Khaya
grandifolia gum, tragacanth gum, karaya gum, arabinan, starch,
konjac mannan, galactomannan, funoran, acetan, welan, rhamsan,
succinoglycan, scleroglycan, schizophyllan, pullulnan, dextran

and dextran sulphate.

19. A wound model device according to claim 18 wherein the gel

forming biopolymer is agaroseof the amount 0.5-3 wt%.

20. A wound model device according to claim 19 wherein black

dye paste 1s added to agarose solution.

21 A wound model device according to any preceding claim

wherein a plasticiser 1s be added.

22. A wound model device according to claim 21 wherein the
plasticiser can include any one or any combination of glycerol,
propylene glycol, propylene glycol, sorbitol, mannitol, sucrose,
trehalose, glucose, dextrose, urea, polyethylene glycol,

polycarbonates and polyphosphoesters.
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23. A wound model device according to any preceding claim

wherein a preservative 1s added.

24. A wound model device according to claim 23 wherein the
preservative can be any one or any combination of diazolidinyl
urea, sodium benzoate, potassium benzoate, benzoic actd, methyl
paraben, propyl paraben, butyl paraben, sodium azide, sodium

metabisulphite, sorbic acid, potassium sorbate.

25. A wound model device according to any preceding claim
wherein additional appendages are added such as hair, tendon,

bone blood vessels.

26. A method of forming a wound model device according to
clatm 1, said device including at least two layers, at least one of
said layers 1s a base layer that mimics healthy skin wherein the
base layer is a biopolymer said method including the step of

dispersing the biopolymer 1n an amount of water.

27. A method according to claim 26 wherein the base layer 1s
prepared from agarose dispersed in a small amount of cold

detontsed water.

28. A method according to claim 27 wherein once dispersed, the
rest of the detonised water was added was added hot (>80 °C) to

create a 2% w/w agarose solution.

29. A method according to claim 28 wherein the hot agarose
solution 1s then poured into a mould that defines the shape and

dimensions of the required wound.

30. A method according to claim 28 or 29 wherein composition

1s then allowed to set at room temperature.
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31. A method according to claim 30 wherein the sloughy layer 1s
produced by weighing the appropriate quantity of custard powder

for a 15% w/w solution then was added to deionised water.



WO 2024/256844 PCT/GB2024/051544
1/2

Figures

waound model A} repres
bed B} the sloughy layer and €} the necrotic eschar

Figure 2: Healthy wound bed in A) different skin tones and B)

Figure 2A Figure 2B
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Figure 3 A) Healthy wound bed and B) the finished model

containing slough exudate and eschar.
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15  Figure 3A Figure 3B
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Figure 4 Rheological behaviour of the healthy skin base (A-B) and the sloughy tissue
(C-D). A) Strain sweep of the healthy skin base showing strain independent values of
elastic modulus G’ between 0.1% and 1% strain. B) Frequency sweep of the skin base
showing strong gel like behaviour with G’>G” across all frequencies measured. C)
Strain sweep of the sloughy tissue showing a LVR between 0.1 and 5% strain. D)
Frequency sweep of the slough showing solid gel like behaviour at low frequencies
with a gradual increase in viscous modulus at higher frequencies indicating an onset

of viscous behaviour.
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