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A SUBSTRATE

FIELD OF INVENTION

The present invention relates to a substrate that can be

applied to a user's body part.

BACKGROUND OF THE INVENTION

Current methods for supporting or immobilising injured

external body parts (such as the shoulder or knee) or

internal body parts (such as skin, muscle, bone,

ligaments, tendons or fasciae) often involve the use of

substrates such as strapping and bandages. These include

externally applied tapes and splints and internally

applied sutures or clamps or staples, all of which are

fixed to the body part at the time of application.

Substrates such as compression garments (or bandages) may

also utilise pressure to rehabilitate a body part.

For example, women diagnosed with breast cancer may suffer

from upper limb lymphoedema, a chronic condition resulting

from the accumulation of lymph fluid associated with

damaged lymph nodes from cancer surgery and/or

radiotherapy .

Compression is the most effective option for managing

lymphoedema and patients are often required to wear a

compression garment (or bandages) to prevent recurrence of

swelling. However, most compression garments comprise

heavy-knit fabrics, making them difficult to don/doff, as

well as being uncomfortable and ill-fitting.

These garments typically slacken over time resulting in a

loss of pressure. As a result, these garments have to be

unfastened from the body part and re-tightened in order to



maintain pressure on the body part.

Additionally, the force provided by these supports to hold

the body part cannot usually be varied because, in use,

these supports are fixed or mounted onto the body part

using attachment points , such as sutures , that form an

immobile connection between the support and the body part.

Consequently, excessive movement, such as overstretching,

may cause the tissue in the vicinity of the attachment

points, which is often weaker than the support, to tear.

It is desirable to provide a substrate that can support

and maintain pressure on a body part. Preferably, the

substrate also reduces damage to the body part.

SUMMARY OF THE INVENTION

In one form of the present invention, there is provided a

substrate that can be applied to a user's body part having

a region of temporally-controlled elasticity that

transitions between a first state and a second state when

activated, wherein the first state is more relaxed than

the second state, and the substrate can at least partially

revert from the second state to the first state over an

extended time period resulting from the temporally-

controlled elasticity of the substrate, and wherein the

substrate can apply a treatment/mechanical force to the

body part, as the substrate transitions from the second

state to the first state.

In this specification, temporally-controlled elasticity

refers to an ability to control the elasticity of the

substrate over time.

In this specification, the term "fibre" or variations

thereof including "fibres" embrace staple fibres including



natural or modified fibres , filaments including synthetic

filaments and fibrils , including synthetic fibrils . A body

part includes any part of a human body including external

body parts such as hands, shoulders and feet, and internal

body parts such as tissues, skin, muscle, bone, ligaments,

tendons, fasciae and blood vessels. Reference to a body

part can further include inanimate body parts from sports ,

exercise and leisure equipment, vehicular docking or

transport systems, safety lines for construction and

rescue operations, and micro-docking or tensioning

systems .

Advantageously, the substrate may be activated by the

natural movements of the body part to generate dynamic

pressure that can transition the substrate from the first

state to the second state. This effect can be optimised or

maximised by employing weaving algorithms , using spatial

and temporal patterns of elasticity which includes elastic

and inelastic patterns, to form the substrate.

The substrate may be applied externally for rehabilitating

hand, foot and joint injuries. Alternatively, the

substrate may be applied internally to allow connection,

support and/or ligation of tissue.

When used externally, the substrate provides support to

injured areas or weakness of a body part. When used

internally, the substrate enables connection, support

and/or ligation of tissues, including blood vessels,

ligaments , muscles and bones .

Activation of the substrate may include applying an

external force to the substrate. The external force may be

stored as potential energy, whereby part of the potential

energy is converted to a mechanical force (e.g. pressure)

that is applied to the body part as the substrate reverts

from the second state to the first state. Part of the

potential energy stored in the substrate may also be



converted into kinetic energy as the svibstrate reverts

from the second state to the first state. The kinetic

energy may manifest itself as peristaltic movement of the

svibstrate which in turn generates a corresponding

peristaltic movement of the body part.

The first state may be a relaxed state, for instance, when

the substrate is not under tension.

The substrate may also be under some tension in the first

state. However, the internal (stored) energy of the

substrate in the first state is less than the internal

(stored) energy of the substrate in the second state.

Activation may be induced by extending a body part to

stretch the substrate which, in turn, triggers a pressure

wave (also known as passive activation) .

Alternatively, activation may be induced by external

stimulus, such as for example, ultrasound, vibration,

heat, radiof requency or ultraviolet light (also known as

directed activation) .

The force applied to the body part by the substrate may

vary, such as reduce or increase, as the substrate reverts

from the second state to the first state.

The gradient (i.e. the change in pressure over time) of

the force is a function of the temporally-controlled

elasticity of the substrate. In turn, the temporally-

controlled elasticity of the substrate is a function of

the internal energy of the substrate.

The transition of the substrate from the second state to

the first state may generate a dynamic pressure gradient

to a body part. This may be used to augment compression

and lymph drainage over time . For example , as the



svibstrate moves from the second state to the first state,

the svibstrate may cause peristalsis of the body part.

The substrate may move from the second state to the first

state upon removal of a force exerted on the substrate via

any one of elongation or shortening of the material , or

relaxation or stiffening of the material.

The substrate may allow targeted harnessing or transfer of

displacements and/or forces due to movement of the body to

induce a change in the substrate structure, which in turn,

causes a change in the function of the substrate. For

example, the substrate may exert a pressure gradient and

provide support to a body part as the substrate

transitions from the second state to the first state.

Temporally-controlled elasticity controls the pressure

gradient exerted by the substrate on the body part over

time when the substrate reverts from the second state to

first state.

The pressure gradient may be constant, increasing or

decreasing. The pressure gradient may be changing and

include any one or a combination of a constant, increasing

or decreasing pressure gradients.

In the first state, the pressure on the body part is

substantially reduced or removed.

The substrate may possess spatially-controlled elasticity,

whereby different regions of the substrate have different

elasticity. Suitably, different regions of the substrate

possess temporally-controlled elasticity. The substrate

may possess spatially-controlled and temporally-controlled

elasticity.

The temporally-controlled elasticity of the substrate may,



in a first example, be provided by a manner in which the

svibstrate is woven using threads (also known as fibres) ,

each including an assembly of fibrils. The threads may be

arranged (for example, woven) in different directions to

form the substrate such that the threads move frictionally

relative to one another causing the transition from the

first state to the second state to occur over an extended

time period. In other words, the threads interact in a

manner such that relative movement of the threads is

restricted.

The relative movement of the fibres may include either one

or a combination of: (i) relative movement of the fibres

within the threads; or (ii) relative movement of the

fibres in different threads (i.e. threads in different

directions) .

Each thread may have different elasticity. Suitably, at

least one thread has temporally-controlled elasticity.

In this example, when the threads interact with each other

when transitioning from the first state to the second

state, the elasticity of the threads and the friction

between the threads contribute to the restricted movement

of the threads relative to each other.

The substrate may be anisotropic. The substrate may be

woven such that applying a force to the substrate causes a

transversal reaction on the substrate. For example, if the

substrate is in the form of a sheet, applying a force

along the length of the substrate would cause a breadth

wise expansion or contraction of the substrate. In another

example, if the substrate is in the form of a sleeve,

applying an axial force to the substrate would cause a

circumferential expansion or contraction of the substrate.

The substrate may comprise threads having varying



elasticity and temporally-varying elasticity.

In a second example, the temporally-controlled elasticity

of the svibstrate is provided by the svibstrate including at

least one thread possessing elasticity that varies along

the length of the thread. The substrate may include at

least one thread possessing elasticity that varies within

the cross -section of the thread. The substrate may include

two or more threads possessing different elasticity.

In a third example, the temporally-controlled elasticity

of the substrate may be provided by a combination of the

first and second examples.

The threads may be formed by spinning different fibrils

together. Each fibril may possess elasticity that varies

along the length of the fibril and/or elasticity that

varies within the cross-section of the fibril. The threads

may be processed to allow cross-linking between the

threads and/or the fibrils.

The fibrils may have a diameter ranging from 1-1500 um.

The threads may be arranged in specific patterns to effect

higher order functional characteristics that cannot be

achieved with a homogenous weave, for example, spatially-

controlled spring back (tension) and spatially-controlled

pressure upon application of exogenous force,

displacement, or other forms of energy application.

These threads may comprise any one or a combination of

biopolymers such as collagen, silk, elastin, or linear

elastic core yarns polymers, or synthetic polymers such as

poly tetraf luoroethylene .

These threads may possess energy dissipation properties.

Examples of such threads are collagen, silk, and



poly tetrafluoroethylene . Alternatively, these threads may

possess energy return properties (i.e. elasticity).

Examples of such threads are elastin and linear elastic

core yarns .

These threads may exhibit gradients in these properties

along their length. These threads may also be arranged in

space to achieve specific gradients in the substrate.

The substrate may be woven using at least two threads

having different stiffness, thinning and swelling

properties .

At least one thread may vary in composition along its

length.

The substrate may comprise a degradable material. This

allows the substrate to be removed from a body after a

time period without manual intervention. For example, the

substrate may be used to support a sutured blood vessel,

and degrade from the blood vessel over time.

At least a region of the substrate may be cloaked/covered

to control the regions of the substrate that exhibit

temporally-controlled elasticity.

The substrate may include a plurality of connectors for

attaching the substrate to a body part, tissue, or another

substrate .

The connectors may reduce relative movement of the

substrate to the body part, tissue, or another substrate.

The connectors may provide targeted tightening and/or

immobilisation of a substrate to facilitate healing of a

body part.



The connectors may allow the substrate to connect to a

body part with controlled tension banding and/or

controlled creep and/or relaxation behaviour.

The plurality of connectors may be projections, such as

hooks or nanotubes , which provide a non-permanent grip to

hold the substrate to a body part.

The plurality of connectors may provide a grip that has a

predetermined detachment load and/or direction to hold the

substrate to the body part. The detachment load is less

than the load required to damage the body part. This

minimises damage to the body part. For example, the

connectors detach from the body part to prevent flesh on

the body part from tearing when a force exceeding the

detachment load is applied to the substrate.

The connectors may be oriented in more than one direction

to provide a multi-directional grip onto the body part to

reduce the likelihood of the substrate detaching from the

body part when subjected to a force.

The plurality of connectors may provide multiple

(redundant) non-permanent attachment points for connecting

the substrate to a body part, particularly, on the surface

of the body part. Each of these attachment points may have

a predetermined detachment load and/or direction.

The temporally-controlled elasticity of the substrate

allows the number of attachment points between the

substrate and the surface to be varied over time as the

substrate moves between the second and first states. For

example, some connectors may detach from the body part

when a predetermined force magnitude and/or direction is

exceeded during the movement of the substrate from the

first state to the second state. On the other hand, the

connectors may attach or re-attach to the body part when



the substrate moves from the second state to the first

state .

This may provide a more constant gripping force between

the substrate and the body part to reduce the likelihood

of the connector damaging the body part. This is in

contrast to fixed connectors such as sutures or clamps.

For example, excessive movement may cause a fixed

connector, such as a suture, to tear the surface it is

attached to. In contrast, non-permanent connectors may

detach from the body part when a predetermined force

magnitude and/or direction on the connectors is exceeded.

This reduces the likelihood of the body part on which the

connector is attached to from tearing.

The connectors may be used to deliver biologic and/or

pharmaceutical agents at attachment points , such as for

example, to reduce inflammation, direct cell growth and

extracellular matrix deposition. This may strengthen

natural bonding at the attachment points .

The connectors may be hollow to deliver biologic and/or

pharmaceutical agents through wicking of pharmaceuticals

and/or biologies. The hollow connectors may be used to

inject these agents and/or establish conduits between the

connector and a body part.

The substrate may be used to connect body parts that

require tension banding and/or controlled creep and/or

relaxation behaviour at multiple length scales. For

example, surgical reconstruction, such as small calibre

vessel/nerve ligation, or tissue graft connectors.

The formed substrate may comprise sub-weave bands in

biaxial weave structure.

The substrate may include a conduit, heating element or



electrode to provide a pressure and/or thermoelectric

gradient to the substrate.

The substrate may be an open weave textile. This allows

air flow to a body part supported by the substrate to

increase cooling of the body part and increase comfort. An

open weave textile may also improve removal of moisture

from the body part.

Suitably, the substrate is a biaxial braided sleeve whose

circumference constricts with an increase in the length of

the sleeve. The sleeve allows the generation of a directed

pressure gradient along the length of the sleeve when the

sleeve is stretched.

The sleeve may comprise multiple layers of the substrate,

wherein each substrate has different temporally-controlled

elasticity. Suitably, the sleeve is transitionable between

a first state and a second state by stretching the sleeve.

The sleeve may be moved to the second state by for

example, by natural movement of a body part, without

having to remove and tighten the sleeve.

In another form of the invention, there is provided a

method of forming a substrate having a region of

temporally-controlled elasticity that transitions between

a first state and a second state when activated, and the

substrate reverts from the second state to the first state

over an extended time period, and wherein the substrate

can apply a force to a body part as the substrate

transitions from the second state to the first state.

The method of forming the substrate may use a Jacquard

loom, which have an advantage of producing fine,

attractive weaves .



The method includes forming a substrate comprising sub-

weave bands in biaxial weave structure.

Specific patterns of elasticity (stiffness) and creep or

relaxation, within the weave bands, from fibre to fibre,

and within fibres , may provide specific patterns of

spatially and temporally varying pressure gradients when

the body part is moved.

In another form of the present invention, there is

provided a method of forming a substrate having at least

one region of temporally-controlled elasticity, including

the steps of:

(a) spinning fibres to form anisotropic threads; and

(b) assembling the anisotropic threads to form the

substrate .

The assembly step may be a step of weaving and/or

knitting.

The spinning step and/or the assembly step may be computer

controlled. The spinning step and/or the assembly step may

also be recursive. In one form of the invention, the

spinning step and/or the assembly step employs weaving

algorithms, using spatial and temporal patterns of (in-

)elasticity, to create dynamic pressure that harnesses the

arm' s natural movements .

The method of forming a substrate having at least one

region of temporally-controlled elasticity may include a

step of weaving threads having varying composition and/or

elasticity along their length into the substrate.

The incorporation of threads having varying composition

along their length may impart spatially-controlled

elasticity to the substrate.



The assembly step may include orienting the threads in

space relative to each other. Alternatively, the assembly

step may include orienting gradients of threads relative

to each other. This allows the behavior of the substrate

in the spatial domain to be engineered recursively.

The assembly step may include orienting threads having

different elasticity along their length according to a

predetermined algorithm. This controls the behavior of the

substrate as the substrate transitions between the first

state to the second state.

Recursive engineering or recursive weaving uses a top-down

approach to solving a complex problem (e.g. creating a

multidimensional, complex architectural weave) by breaking

the problem down into a sequence of steps using

computational algorithms . This allows each desired

property in space and time to be engineered virtually into

the algorithm and subsequently achieved physically through

computer-controlled weaving.

Controlling the gradients of the threads also allows

higher order functionality of the substrate to be

achieved.

In another form of the present invention, there is

provided a sleeve for fitting over a body part comprising

a substrate having at least one region of temporally-

controlled elasticity, wherein the substrate is

transitionable between an first state and an second state

by moving the sleeve.

The sleeve may comprise multiple layers of the substrate,

wherein each substrate has a different temporally-

controlled elasticity. Suitably, the substrate is

transitionable between an first state and an second state

by stretching the sleeve.



The substrate remains in the second state by for example,

by natural movement of a body part, without having to

remove and tighten the sleeve. In contrast, conventional

compression bandages may slacken over time and have to be

unwrapped and re-tightening to maintain pressure over a

body part.

BRIEF DESCRIPTION OF DRAWINGS

A preferred embodiment of the present invention is

hereinafter described by way of example only, with

reference to the accompanying drawings , wherein :

Figure 1A illustrates a substrate for supporting an

arm/shoulder according to one form of the present

invention .

Figure IB illustrates a substrate for supporting a

leg/foot according to another form of the present

invention .

Figure 1C illustrates a substrate for supporting an

arm/shoulder according to another form of the present

invention.

Figure 2A illustrates circumferential constriction of the

substrate of Figures 1A-C when the substrate is extended.

Figure 2B illustrates circumferential expansion of the

substrate of Figures 1A-C when the extension force on the

substrate ceases.

Figure 3A illustrates circumferential expansion of the

substrate of Figures 1A-C when the substrate is extended.

Figure 3B illustrates circumferential constriction of the



substrate of Figures 1A-C when the extension force on the

substrate ceases.

Figure 4 illustrates the different pressure gradient

profiles of a substrate of Figures 1A-C.

Figure 5 illustrates various connectors of the substrate

of Figures 1A-C for attaching to a body part.

Figure 6 is a schematic illustrating the steps for

operating the substrate of Figure 1A or 1C.

Figures 7A and 7B illustrate the different anisotropic

fibres used for forming a substrate according to the

present invention.

Figure 8A illustrates a 2-D weave for forming a substrate

according to the present invention.

Figure 8B illustrates a 3-D weave for forming a substrate

according to the present invention.

Figure 9 illustrates interwoven 2-D bands according to the

present invention.

Figure lOA-C illustrates the steps for forming a textile

according to the present invention using a thread having

varying elasticity along its length.

DETAILED DESCRIPTION

One form of the substrate as defined by the invention is

marked as 10 in Figure 1A.

The substrate 10 is in the form of a biaxial braided

sleeve having a fingerless glove portion 12, and a collar

portion 14. The substrate 16 has temporally-controlled



elasticity. Another form of the biaxial braided sleeve is

shown in Figure 1C .

The substrate 16 is assembled by recursive weaving

involving computer-controlled weaving of anisotropic

threads (or fibres) that vary in composition along their

length. These threads are, in turn, formed by computer-

controlled spinning of fibrils to form the anisotropic

threads .

Threads that possess elasticity that varies along the

length of the thread (Figure 7A) , elasticity that varies

within the cross-section of the thread (Figure 7B) , and/or

threads possessing different elasticity may be used to

assemble the substrate.

Figure 10A illustrates an anisotropic thread formed by

spinning fibrils together. The shading gradient on the

thread denote the varying elasticity along the length of

the thread.

Weaving algorithms , using spatial and temporal patterns of

(in-) elasticity , are used to harnesses a body part's, such

as an arm's, natural movements for the substrate to create

dynamic pressure.

During the weaving process, the anisotropic threads are

oriented relative to each other to align or contact

specific regions of one thread to another thread. The

behavior of the substrate in response to a force is

provided by the specific arrangement of the threads

relative to each other.

The threads may form a 2-D weave/band wherein parallel

threads (32 and 34 of Figure 8A) are woven together using

a thread (36 of Figure 8A) that runs transversely to

threads 32 and 3 . Figure 10B illustrates a substrate



formed by weaving at least two threads of Figure 10A.

The threads may form a 3-D weave/band wherein the threads

32-36 are woven in a high viscosity medium to form a

coated weave/band. Weaving in the medium makes it possible

to use hydrodynamic shuttling (injection and ejection

through a liquid) as well as to use the medium itself as a

constituent of the composite weave, for example, after the

fibre weaving is complete, the medium itself can be

'solidified (e.g. through a chemical process or

application of external energy) around the weave,

providing a higher order composite structure with expanded

mechanical and biophysical properties . The medium can also

be manipulated to exhibit properties that vary spatially

and temporally, for example, through anisotropic curing

and/or polymerisation.

Higher order weaves may also be formed, such as for

example, interweaving the 2-D bands to form a complex

architecture whereby the bands can slide between/on each

other. The open weave textile in Figures 9C1 and 9C2

allows air flow to the arm and illustrates the movement of

the 2-D bands relative to each other.

Another higher order weave is illustrated in Figure IOC.

The shading on the textile in Figure IOC illustrates its

varying spatial and temporal properties .

The threads in the woven substrate are arranged in

different directions such that the fibres slide

fractionally relative to one another when transitioning

from the first state to the second state over a time

period. During the transition, the friction between the

threads and the different elasticity of the threads

restricts the relative movement of the fibres. This

imparts various stretching and compressive properties to

the substrate.



The substrate may also be in the form of a compression

stocking as illustrated in Figure IB.

The use of threads having varying composition along their

length also imparts spatially-controlled elasticity to

substrate 16, whereby different regions of the substrate

have different temporally-controlled elasticity. The

fibrils and, consequently, the threads have different

elasticity, stiffness, thinning and swelling properties.

The substrate 16 transitions between a first state and a

second state when activated by applying a force to the

substrate. The transition is achieved by the substrate

storing and converting the potential energy obtained from

the force to mechanical pressure and/or kinetic energy

over time .

Stretching the substrate 16 causes a corresponding

transversal reaction on the substrate. For example,

applying an axial force (i.e. stretching the substrate

length-wise) to the substrate of Figure 1A would cause a

circumferential contraction.

In order to control the behaviour of the substrate in

response to a force applied to the substrate, a multi-

layered substrate is provided, with each layer having a

different stiffness. For example, the multi-layered

substrate may have increasing or decreasing stiffness in

the radial direction .

In Figures 2A and 2B, a length-wise (i.e. axial) stretch

of the substrate 100 causes a circumferential contraction

of the substrate, while releasing the stretching force

causes a circumferential expansion of the substrate.

Alternatively, in Figures 3A and 3B, a length-wise (i.e.

axial) stretch of the substrate 200 causes a



circumf erential expansion of the substrate, while a

release of the stretch causes a circumferential

contraction of the substrate.

Referring to Figure 1A, in the second state, the substrate

supports and exerts a pressure on the body part. As the

substrate transitions from the second state to the first

state, the substrate generates a dynamic pressure

gradient, in the form of peristaltic movements, to the arm

(see arrows on Figure 1A) . This may be used to improve

blood circulation within the arm or simply used to apply

pressure to the arm. The pressure on the arm is

substantially reduced or removed when the substrate is in

the first state.

The pressure gradient during the transition from the

second state to the first state may be any one or a

combination of constant, increasing or decreasing

gradients (see Figure 4 for representation profiles) .

As such, the substrate allows targeted harnessing or

transfer of displacements of the arm to induce a change in

the substrate structure.

In another form of the invention, the substrate includes a

plurality of connectors for providing a non-permanent grip

onto a body part (see Figure 5 ) . The connectors include,

among others, carbon nano tubes 22, hollow hairs 24 or

titanium hooklets 26.

The plurality of connectors provides multiple non-

permanent attachment points for connecting the substrate

to a surface of a body part.

Movement of the body part may result in excessive force

being exerted on the attachment points . In order to

prevent these forces from damaging the body part, some



connectors detach from the body part when a predetermined

force magnitude and/or direction is exceeded during the

movement. Conversely, some connectors may attach or re

attach to the body part below the predetermined force

magnitude and/or opposite to the predetermined direction.

Suitably, some connectors attach or re-attach to the body

part during movement of the body part.

This provides a more constant gripping force between the

substrate and the body part compared to fixed connectors

such as sutures or clamps .

Advantageously, when the connector is an internal fixation

or an external support device, the connectors effectively

protect surrounding body parts up to and beyond the

failure load or strain. This is because the process of

detachment absorbs energy. In this respect, typically, a

body part is damaged when it detaches from permanent

connectors (through energy absorption that causes

tearing) . However, in the present invention, the energy is

dissipated during the detachment process which allows the

body part to be reconnected to the substrate without

damage .

In use, the substrate 10 is worn over an arm of the user

and the collar portion 14 secured to the neck of the user

via closure 28, in the form of a hook and loop fastener.

This places the substrate 10 in the first state (Figure

6A) .

In order to move the substrate 10 into the second state,

the user folds back the fingerless gloves 12 to expose the

activating cuff 30 and tightens the neck portion using

closure 28 (Figure 6B) . The arm of the user is then

extended and the activating cuff is stretched to allow the

user to re-engage the fingerless glove 12 (Figure 6C) .

This action causes a circumferential contraction of the



substrate 10 around the arm.

Over time, as the substrate transitions from the second

state to the first state, a dynamic pressure gradient, in

the form of peristaltic movements, are transmitted to the

arm (Figure 6D) . Once the substrate returns to the first

state, the steps are repeated to return the substrate to

the second state and maintain pressure on the arm.

Accordingly, there is provided a substrate that can be

applied to and maintain pressure on a body part, and

reduce damage to the body part.



CLAIMS

A that can be to 's body pa

havi g a region of temporally-controlled elasticity that

transitions between a first state and a second state when

activated, wherein the first state is more relaxed than

the second state and th substrate can at least partially

revert fr o second state to th first state over

d period e l g from the te porali -

co tr l elasticity off the substrate , an the

substrate can apply a treatment/mechanical force to the

body part, as the substrate transitions froi the second

t» to e f s state

, The substrate according to l , characterised in

that internal energy f the substrate i the first state

is less tha internal g of e substrate the

second state.

characterised in that the force applied to the body part

by the substrate varies as the substrate reverts from the

second ate to the first stat ,

4 . The substrate according to one of the precedin

5 . The substrate according to any one of the preceding

claims, characterised in that the substrate mows from the

second state to the first state via any one of elongation

or shortening of the ateria or relaxation or stiffening

of the material

The substrate according to any one of the preceding



spatially-controlled elasticity, e y different regions

of s have different elasticity,

substrate according to any one of the preceding

claims, characterised i that the substrate is ve using

at least two thr ads/ ibr f each thread ha

different elasticity.

a y o d

¾ €

th length of i

c ai , d in that the substrate includes at

least o e thread possessing elasticity that varies within

the cro -s of .

10. The substrate according to o e of the preceding

claims , characterised in that the substrate is v using

threads arranged in different directions such that the

threads move frictionally relative to o e another causing

the transition from the first state to the second state to

occur over an extended time period,

1 The substrate according to any one of the preceding

plurality of connectors for attaching the substrate to a

body part, tissue f or another substrate to reduce relative

movement of the substrate to the body part , tissue , or

another substrate,

that the plurality of connectors ar projections which

provide a grip that has a predetermined detachment load

and/or direction to hold the substrate and to minimise

damage to the body part.



13 . substrate d to either clai 11 or 1 ,

than o direction to provide a multi-directional grip

onto the foody part to reduce the likelihood of the

substrate detaching from the body part when subjected to .

one of clai s 1 to

r e e in e connectors are to

deliver biologic and/or pharmaceutical agents and/o

establish conduits between the connector and a body part.

15, The substrate according to any one of preceding

c ai s characterised in that the substrate comprises sub-

bands in biaxial weave structure.

16, The substrate according to any one of the preceding

in that the substrate is

anisotropic .

1 , The substrate according to one of th preceding

claims, characterised in that the substrate is bxa ial

braided sleeve whose circumference constricts with an

increase in length of the sleev .

1 The substrate according to one of the preceding

claim characterised in that the substrate comprises a

degradafole material.

19. The substrate according to any one of the preceding

claims , characterised in tha th substrate includes a

conduit, heating t or electrode to provide

pressure and/or thermoelectric gradient to the subs rat .

2 . method of rming a substrate having a g n of

temporally-controlled elasticity that transitions between



a first state and a second state when activated, and the

substrate t fro th second state to the first state

* - ~ > "· ·
'

i ~ s

ca apply a force t a body part as th substrate

transitions fro the second state to the first state.

21 The me thod of clai 20, characterised in that the

method includes forming a substrate c prisino sub-wea^e

bands in biaxial av structure.

2 A method of forming a substrate having at least one

region of temporally-controlled elasticity, including the

(i>) asse blin the anisotropic threads to form the

23, The method of claim 22, characterised in that the

assembly step is step of g and/ r knitting,

2 The method of either claim. 22 or 23 characterised in

that the spinning step and/or the assembly step employs

weaving algor hm , using spatial and temporal patterns of

elasticity, which h natural movements o the body

part for the substrate to generate dynamic pressure.

25 The method of y one of claims 22 to 24,

characterised i that the method includes a step of

weaving threads having varying composition and/or

elasticity along their lengt into the substrate.

26, The method of any one o claims 22 to 25,

characterised in that the assembly step includes orienting

the threads in space relative to each other,

27, The method of any one of claims 22 to 26,

characterised in that the assembly step includes orienting



gradients of threads relative to each other,

in that the sleeve comprises a substrate having a t least

one region o temporally-controlled elasticity, wherein

th substrate is transitionable between an first state a d

an second state b y the sleeve.

c d to cla 28, c ara t ri

fe i fc o f

substrate, wherein each substrate has different

temporally-controlled elasticity .
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