
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2013/190336 A2
27 December 2013 (27.12.2013) P O P C T

(51) International Patent Classification: (72) Inventors: ROSE, Nicholas; c/o Physiolab Technologies
A61F 7/00 (2006.01) Limited, Unit 2, Centurion Court, Brick Close, Kiln Farm

Milton Keynes, Buckinghamshire MK1 1 3JB (GB).
(21) International Application Number: HASKINS, Mark; c/o Physiolab Technologies Limited,

PCT/GB20 13/05 1663 Unit 2, Centurion Court, Brick Close, Kiln Farm Milton
(22) International Filing Date: Keybes, Buckinghamshire MK1 1 3JB (GB).

24 June 2013 (24.06.2013) (74) Agent: GRAINGER, David; 11 Staple Inn, London,
(25) Filing Language: English Greater London WC1V 7QH (GB).

(26) Publication Language: English (81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(30) Priority Data: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
121 1149.8 22 June 2012 (22.06.2012) GB BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
1309310.9 23 May 2013 (23.05.2013) GB DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

(71) Applicant: PHYSIOLAB TECHNOLOGIES LIMITED HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KN, KP, KR,

[GB/GB]; Unit 2, Centurion Court, Brick Close, Kiln KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,

Farm, Milton Keynes, Buckinghamshire MK1 1 3JB (GB). MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

[Continued on nextpage]

(54) Title: THERMAL AND/OR PRESSURE REGULATION CONTROL SYSTEM

(57) Abstract: A control system for a thermoregulation assembly includes
a fluid manifold assembly (12') and a control unit (56'). The fluid manifold
assembly includes a manifold output (26) for supplying thermoregulation
fluid to an interface pack. The manifold assembly is operable to selectively
provide thermoregulation fluid into the interface pack in accordance with

x o feed parameters. The control unit (56') can obtain a desired temperature
profile and a conversion algorithm, the conversion algorithm providing a
formula for deriving one of more feed parameters for bringing the interface
pack to or maintaining the interface pack at a desired temperature depend
ent upon a characteristic energy transfer rate between a user and the inter

i face pack. The control unit (56') is operable to calculate one or more feed
parameters from the desired temperature profile and the conversion al
gorithm and to operate the manifold assembly (12') in accordance with the
one or more feed parameters.



UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ, Published:
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK, without international search report and to be republished
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, upon receipt of that report (Rule 48.2(g))
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).



THERMAL AND/OR PRESSURE REGULATION CONTROL SYSTEM

Technical Field

The present invention relates to a control system for a thermoregulation

assembly used to apply thermal and/or compression treatment to a patient in order

to alleviate or cure physical injuries and disorders.

Background Art

There are numerous instances where it is desired to effect a thermal

treatment on a patient alone or in combination with compression. For example,

this may be to treat a physical injury, such as of the muscles, ligaments, tendons

and the like. It may also be useful in treating skin injuries, as well as illnesses

such as infections and so on as well as to accelerate natural recovery.

Thermal treatments of this type have been known for many years, in their

simplest form being ice packs. Heat generating packs have also been developed,

typically in the form of a pouch of chemical material which can be made to react

exothermically and thereby to release heat. These devices are intended to cool or

heat, as appropriate, a part of a person's body in order to alleviate inflammation,

pain suffered by the patient and so on. It has been found that if properly applied,

such treatments can significantly minimise patient discomfort caused by the injury

or illness as well as speed up the recovery process. However, such ice packs and

heat generating packs provide a relatively crude form of temperature regulation,

unable to provide optimum treatment of an injury without constant and close

monitoring by a medical practitioner.

More recently, attempts have been made to develop thermoregulation

devices which have some form of built-in control, for example in which a desired

treatment temperature can be set in a control unit and then used to feed energy to

a cuff or pad. This may be by means of heated or cooled fluid or by electrical

heating or cooling. An early example known to the applicant is DE-3,343,664.

Other examples include EP-0,812,168, US-6,81 8,012 and EP-2,393,459.



While such control systems are known and have attempted to provide

accurately controllable temperature regulation at the patient's skin, there are

numerous variables which result in such systems being inaccurate. Moreover, in

such systems, particularly fluid based systems, it has been found difficult to

produce the desired temperature at the actual site of the patient to be treated.

This is caused by a number of factors, of which the primary include difficulties in

controlling the flow of fluid in an applicator cuff or garment, difficulties in ensuring

proper energy transfer to the patient through the cuff, speed of energy transfer to

the patient with consequential speed of adjustment of treatment parameters, and

so on. If these difficulties could be overcome, it is believed that fluid based

systems could provide a very effective form of thermoregulation.

The prior art does not generally resolve the problems indicated above.

Summary of the Present Invention

The present invention seeks to provide an effective control system for a

thermoregulation assembly, an effective pressure regulation assembly, and

method for the treatment of physical injuries and disorders and for the speeding up

of natural recovery.

According to an aspect of the invention, there is provided a control system

as in claim 1.

According to an aspect of the invention, there is provided a method as in

claim 14.

According to an aspect of the invention, there is provided a control system

for a thermoregulation assembly, including:

a fluid manifold assembly including a manifold input for receiving

thermoregulation fluid from at least one source of thermoregulation fluid at a

thermoregulation temperature, and a manifold output for supplying

thermoregulation fluid to an interface pack; the manifold assembly being operable

to selectively provide thermoregulation fluid into a said interface pack via the

manifold output in accordance with feed parameters;



a control unit operable to obtain a desired temperature profile, the desired

temperature profile providing a profile of desired interface pack temperature; and

a second input, the second input being for receiving thermoregulation fluid

from a said interface pack and an input temperature sensor coupled to the control

unit and disposed to measure a return temperature of thermoregulation fluid

received at the second input from a said interface pack;

wherein the control unit is operable to repeatedly determine, based at least

on the return temperature sensed by the input temperature sensor, an interface

pack temperature;

wherein the control unit is operable to modify one or more feed parameters

in response to the interface pack temperature to bring the interface pack

temperature into correspondence with the desired temperature profile;

wherein the control unit is operable to operate the fluid manifold assembly

in accordance with said one or more feed parameters;

According to an aspect of the invention, there is provided a method of

operating a thermoregulation assembly, the assembly including:

a control unit;

an interface pack provided with at least one fluid path therein for the

passage of thermoregulation fluid therethrough and a fluid inlet and a fluid outlet;

a fluid manifold assembly including a manifold output attachable in fluid

communication with the fluid inlet of the interface pack, the manifold assembly

being operable to selectively provide thermoregulation fluid into the fluid inlet of

the interface pack in accordance with feed parameters;

at least one source of thermoregulation fluid at a thermoregulation

temperature coupled to a manifold input for supplying thermoregulation fluid to the

manifold assembly;

a second input for receiving thermoregulation fluid from the interface pack

and an input temperature sensor coupled to the control unit and disposed to

measure a return temperature of thermoregulation fluid received at the second

input from the interface pack;

the method including the steps of:



obtaining a desired temperature profile, the desired temperature profile

providing a profile of desired interface pack temperature;

operating the fluid manifold assembly in accordance with feed parameters;

repeatedly determining, based at least on the return temperature sensed by

the input temperature sensor, an interface pack temperature;

modifying one or more feed parameters in response to the interface pack

temperature to bring the interface pack temperature into correspondence with the

desired temperature profile.

According to an aspect of the invention, there is provided a method of

operating a thermoregulation assembly, the assembly including:

a control unit;

an interface pack provided with at least one fluid path therein for the

passage of thermoregulation fluid therethrough and at least one fluid inlet and at

least one fluid outlet;

a fluid manifold assembly including a coupling attachable in fluid

communication with the interface pack, the manifold assembly including at least

one controllable valve for selectively feeding thermoregulation fluid into the

interface pack;

at least one source of thermoregulation fluid at a thermoregulation

temperature, the source including at least one fluid temperature variation unit;

a fluid pump coupled between the at least one source of thermoregulation

fluid and the to the manifold assembly, and coupled to the control unit;

a thermoregulation treatment input unit coupled to the control unit; and

at least inlet and outlet temperature sensors disposed to measure

temperature at the fluid inlet and fluid outlets respectively and coupled to the

control unit;

the method including the steps of:

obtaining a measure a patient's body temperature on the basis of the

temperature sensed by the outlet temperature sensor;

determining a deviation between the sensed patient temperature and a

desired or set temperature;



activating the control unit to operate the pump so as to pump

thermoregulation fluid into the interface pack through the manifold assembly;

obtaining a measure the temperature of the thermoregulation fluid at the

fluid outlet;

determining a measure of the patient's heat absorption rate by determining

a difference in the inlet and outlet temperatures over time;

adjusting the temperature of the thermoregulation fluid or length of time of

operation of the pump on the basis of the determined patient's heat absorption

rate.

In some embodiments, the thermoregulation fluid is water.

Embodiments of the invention relate to bio-mechanical tuning. In some

cases in this description and accompanying drawings, bio-mechanical tuning is

referred to as 'bio tune'.

Other preferred features of the teachings herein will become apparent from

the specific description which follows.

Brief Description of the drawings

Embodiments of the present invention are described below, by way of

example only, with reference to the accompanying drawings, in which:

Figure 1 is a schematic diagram of a preferred embodiment of manifold

assembly provided in a thermoregulation system;

Figure 2 shows the system of Figure 1 with the manifold configured to

supply 50% coolant and 50% heating fluid, with return fluid being fed into the

coolant and heating supplies;

Figure 3 shows the system of Figure 1 with the manifold configured to

supply 25% coolant, 0% heating fluid, with return fluid being recirculated into the

supply chamber;

Figure 4 shows the system of Figure 1 with the manifold configured to

recirculate all fluid within the manifold without passing the fluid into the garment or

cuff;



Figure 5 shows the system of Figure 1 with the manifold configured to

recirculate all fluid into the garment or cuff;

Figure 6 is a schematic diagram of a flowchart explaining operation of a

manifold assembly;

Figure 7 is a schematic diagram of an example of an interface pack;

Figure 8 is a schematic diagram of part of another example of an interface

pack;

Figure 9 is a schematic diagram of a manifold assembly according to an

embodiment of the invention;

Figure 10 is a schematic diagram of a mixing chamber for use in

embodiments of the invention;

Figure 11 is an explanatory diagram in connection with methods according

to embodiments of the invention;

Figures 12, 14 and 15 are flow diagrams relating to methods according to

embodiments of the invention;

Figure 13 is a schematic diagram of an interface pack used in embodiments

of the invention;

Figure 16 is a graph for illustrating an exemplary method according to the

invention;

Figures 17 and 18 are explanatory diagrams relating to methods according

to embodiments of the invention;

Figures 18a to 20 include graphs illustrating features of the operation of

methods according to embodiments of the invention;

Figure 2 1 are exemplary look-up graphs for use in embodiments of the

invention;

Figure 1A is a schematic diagram of a patient wearing a number of interface

packs usable in embodiments of the invention;

Figure 2A is a cross-sectional schematic diagram of an interface pack

usable in embodiments of the invention worn on a body part;

Figure 3A is a schematic longitudinal cross-section of a part of an interface

pack usable in embodiments of the invention;



Figures 4a and 4b are schematic cross-sectional diagrams of an interface

pack usable in embodiments of the invention under no compression and under

compression respectively;

Figure 5A is a schematic diagram of an interface pack usable in

embodiments of the invention in longitudinal cross-section;

Figure 6A is an exploded schematic diagram of an interface pack usable in

embodiments of the invention;

Figure 7A is a longitudinal cross-section showing the liquid feed and return

tubes and the air feed tube of an interface pack usable in embodiments of the

invention;

Figure 8A is a schematic diagram showing the outer jacket of an interface

pack usable in embodiments of the invention;

Figure 9A is a schematic diagram showing an alternative interface pack to that of

Figure 8A usable in embodiments of the invention; and

Figure 10A is a perspective view of an articulation coil for use in

embodiments of the invention.

Description of the Preferred Embodiments

Described below are various embodiments of control system and method

for a thermal and pressure regulation assembly used for providing thermal and/or

pressure treatment to a patient. In some modes of operation, the system and

method provide cryotherapy, that is the therapeutic application of a substance to

the body that provides for the withdrawal of heat from the body so as to lower

tissue temperature. The use of cryotherapy following musculoskeletal injury,

trauma and pre and post-surgery is common practice and has been used for many

years. This type of physical therapy has several advantages over other

therapeutic measures because of its limited adverse effects, low cost and easy

availability. The exact physiological responses to cryotherapy are still poorly

understood but the range of the body's responses to cold can be summarised as:

a) decreased metabolism;

b) reduction in abnormal body temperature;

c) effect on tissue inflammation (decreased or increased);



d) decreased muscle spasms;

e) increased tissue stiffness;

f) decreased pain;

g) effect on circulation systems (decreased or increased).

The complexity of these responses means that care must be taken to

ensure that the therapy is beneficial rather than detrimental. The two main

responses to effective cold treatment are a reduction in metabolism and

decreased pain. By decreasing metabolism, the consumption of oxygen, cell

damage and fluid build-up (swelling) are reduced. This in turn increases the

recovery rate of the patient. The two main risks of incorrectly administered cold

therapy are freeze burns and an increased blood flow in the injured area. The key

to cold treatment is therefore the reduction and maintenance of temperature to the

desired level and rate of change, at the desired depth, without damaging the skin

or increasing metabolism.

Clinical studies have investigated the benefits of cryotherapy in

post-operative patients following a wide range of surgeries. These studies have

shown a reduction in the need for narcotic requirements, better blood drainage,

and increased short term range of motion, all of which lead to a reduction in the

length of hospital stay or duration of treatment.

As a consequence of the patient's improved comfort and rehabilitation there

are cost benefits to be had from cryotherapy. In particular it reduces the

requirement for pain relief drugs and accelerates healing and ambulation, thus

reducing the recovery cycle. This can translate into considerable cost savings for

hospitals and other medical institutions as patient turnover can be increased.

One study found that the reduction in time of the hospital stay for patients

treated with cryotherapy was an average of 30%. Given that the cost of staying in

a general or surgical ward on the NHS ranges from £400 to £ 1 ,500 per day in the

case of complications, the economic benefits of an efficient cryotherapy system

are clear. Cryotherapy is also firmly established in sports medicine and in the

home as an effective way to treat both acute and chronic injuries as well as a

broad range of common complaints. The benefits of cryotherapy when properly

administered can include, amongst others:



a) accelerated healing;

b) reduction in the need for blood drainage;

c) increase in short term range of motion;

d) reduction in the length of any hospital stay;

e) reduction in the need for narcotics.

Physiotherapy clinics currently use relatively crude treatments such as ice

packs or devices that provide comparatively little control. Their use can lead to

skin and/or nerve damage.

The concepts disclosed herein aim to make patient recovery safer and

faster by delivering cooling, warming and/or compression therapy with high levels

of control and efficiency. The system and its components can also be used in the

elite sports field, for recovery from cosmetic surgery and various other treatments.

Embodiments disclosed herein and in the accompanying drawings include a

thermal compression engine (TCE), an integrated digital control unit and a range

of disposable or reusable treatment pads or cuffs. The system works to emulate

and accelerate the body's regulation of thermal energy. The therapeutic effects

are achieved by precision monitoring of and intervention in the body's natural

healing events via thermal and, optionally, compression therapy.

The control unit and method disclosed herein is intended to be used with a

thermoregulation interface pack and a manifold assembly of the types disclosed in

the applicant's earlier British patent application number GB121 1149.8 and

130931 0.9, and the copending PCT patent applications filed concurrently with this

application under the attorney file references RJ/N30272 and RJ/N30273 and

entitled "Thermoregulation Interface Pack and Assembly" and "Manifold Assembly

for Thermoregulation System", respectively.

Before describing the elements and function of the control unit and thermal

compression engine in detail, an example of interface pack and fluid manifold

assembly is described. The skilled person will appreciate that the control unit can

be arranged to operate a thermoregulation system having a different design or

structure of interface pack and a different design of manifold assembly and that

the examples given below are for illustration only.



Figure 1 shows an example of manifold assembly and interface pack for a

thermoregulation system, in which the interface pack is designed to be conformed

around a part of a patient's body such as a limb or the like. The interface pack

could have any shape suitable for the particular treatment desired for a patient.

For instance, in some examples it could be a sleeve or garment into which part of

the patient's body to be treated can be inserted. The interface pack is intended for

use with a temperature and/or pressure regulation system which can include a

pump, heating and/or cooling elements for heating fluid which is then pumped via

the pump through the manifold assembly into the interface pack. Such a system

can provide one or more temperature sensors able to sense the temperature of

fluid in the interface pack or the temperature of the interface pack itself. The

sensors may be provided within the system, as part of the interface pack or as part

of the manifold, or in a combination of these locations. In the embodiments

described below the pump is shown as being part of the manifold assembly. It is

to be understood, however, that the pump could be a separate and distinct unit.

A suitable interface pack for use with the manifold assembly taught herein

is described in detail in the applicant's co-pending British patent applications

GB-1 2 11149.8 filed on 22 June 201 2 and 130931 0.9 and PCT patent application

filed concurrently herewith under the file reference

RJ/N30272.

Referring to Figure 1, this shows in schematic form the principal

components of an embodiment of thermoregulation system 10 which incorporates

a preferred embodiment of manifold assembly 12. The thermoregulation system

10 includes a thermal supply unit 14 which includes a hot tank 16 which provides

heated thermoregulation fluid, typically water, and a cold tank 18 , which typically

provides coolant or cold thermoregulation fluid, again typically water. The hot tank

16 and cold tank 18 could be provided with suitable heating and cooling devices of

a type known in the art. These may be temperature-controllable but in the

preferred embodiment this is not necessary as the hot tank 16 and cold tank 18

could be operated at individual set temperatures (hot and cold respectively), with

the manifold assembly 12 designed to provide for temperature regulation of fluid

supplied by the manifold. The cold tank can for example be adjustable between -



10°C and 10°C and the hot tank can be adjustable between 30°C and 60°C. The

tanks can be operated at their limits or at a specific temperature within their limits.

The system 10 also includes an interface pack 20 which is coupled to the

manifold 12 by suitable conduit couplings 22, 24. In the example shown in Figure

1, the manifold 12 has a single outlet conduit 26 and a single return conduit 28,

which respectively feed fluid to and receive fluid from a plurality of conduits of the

interface pack 20. More specifically, in this example, the interface pack 20

includes three sets 30, 32, 34 of treatment conduits for applying heat treatment

from the interface pack 20. Each set 30-34 is formed of two treatment conduits,

which are arranged in multiple spiral form as taught in the applicant's co-pending

patent application (filed under reference RJ/N30272) referred to

above. The design and arrangement of the treatment conduits 30-34 and indeed

of the entire interface pack 20 is not relevant to the teachings herein and

described solely as an example.

Thus, the interface pack 20 includes in this example six conduits or tubes

36 at its input and, similarly, six conduits or tubes 38 at its output. The conduit

coupling 22 at the outlet of the manifold assembly 12 is designed to split the

supply fluid into six preferably equal channels for feeding each of the six interface

pack input conduits 36. Similarly, the return conduit coupling 24 is able to

combine the six fluid return paths from the interface pack outlet conduits 38 into

the single return conduit 28 of the manifold assembly 12. The skilled person will

readily appreciate that the conduit couplings 22, 24 can simply be in the form of

fluid splitters/combiners. It is envisaged, though, that the conduit couplings 22, 24

may also include control valves for controlling whether or not the fluid is passed to

any one or more of the conduits of the interface pack 20, thereby to control

whether the entirety of the interface pack 20 is supplied with thermoregulation fluid

or only a part thereof.

The manifold assembly 12 includes a first set of valve units 40 for

controlling the mixing of thermoregulation fluid, as described in detail below, and a

second set of valve units 42 for controlling the output and recirculation of

thermoregulation fluid within the system 10 , also described in detail below. The

manifold assembly 12 also includes a supply or send mixer chamber 44 and a



recirculation or return mixer chamber 46, both being coupled to the first set of

valve units 40. The assembly 12 also includes a fluid pump 48, which in this

embodiment forms part of the manifold assembly 12 but which in other

embodiments could be a separate component provided at any suitable position

within the conduit path which is able to apply pumping pressure to all the conduits

of the system 10. Of course, more than one pump could be provided as

appropriate.

The manifold assembly 12 also includes a sensor module 50 which is

typically disposed after the pump 48 and includes a liquid temperature sensor and

a flow sensor. The assembly 12 is furthermore provided with a solid state safety

cell 52 which includes one or both of a temperature sensor and a pressure sensor,

as well as a trigger able to cut off completely the outlet conduit 26 of the manifold

assembly 12 so as to stop all fluid flow to the interface pack 20 in the case where

the sensed temperature exceeds or drops below a predetermined threshold and/or

when the sensed pressure exceeds a predetermined threshold.

There is also provided a temperature sensor 54 which is operable to sense

the temperature of the return fluid from the interface pack 20 through the return

conduit 28, used for monitoring the effect of thermal treatment through the

interface pack 20. The temperature sensor 52 is coupled to a control system

shown schematically at 56 and which is designed to control the operation of the

system 10 to generate desired or predetermined treatment temperatures and

temperature profiles within the interface pack 20. For this purpose, the control unit

56 includes an electrical connection to the temperature sensor 54, as well as

electrical connections to the valve units 40, 42 and pump 48. The control unit 56

will typically be microprocessor based and a suitable structure will be apparent to

the person skilled in the art.

The valve units of the sets 40, 42 may in a basic embodiment be simple

on/off valves, but are preferably are of a type in which they can be fully closed,

partially open or fully open and most preferably are proportional valves able to

provide a plurality of partially open configurations and ideally are infinitely variable

between their closed and open configurations. For example, they may be pinch or



plunger valves. An example of a suitable valve unit is described below in

connection with Figures 2 to 5 .

The valve set 40 includes a first valve unit V 1 coupled between the return

conduit 28 and a first feed conduit 60 which couples into the return mixer chamber

46. A second valve unit V2 is coupled by a conduit 62 to the hot tank 16 and to

the return mixer chamber 46 by a second feed conduit 64. A third valve unit V3 is

coupled to an inlet conduit 66 to the cold tank 18 and to a third feed conduit 68 to

the return mixer chamber 46. A fourth valve unit V4 is coupled to the return mixer

chamber 46 and to the send mixer chamber 44 by conduits 70 and 72. At the

supply or send mixer chamber 44, there is a fifth valve unit V5 which includes an

inlet conduit 74 coupled to the hot tank 16 and a feed conduit 76 coupled to the

supply or send mixer chamber 44. Finally, within this set there is a sixth valve unit

V6 which has an inlet conduit 78 coupled to the cold tank 18 and a feed conduit 80

leading to the supply or send mixer chamber 44.

Thus, each of the chambers 44, 46 is coupled by an associated valve both

to the hot tank 16 and to the cold tank 18, while there is a valve unit (V4) which

couples the two chambers to one another and a recirculation valve unit (V1 ) for

adjusting the amount of recirculation fluid into the fluid mix.

The supply or send mixer chamber 44 includes an outlet conduit 82 which

feeds into the fluid pump 48. At the outlet of the pump 48, in this example at the

outlet of the sensor module 50, there is provided a conduit T-junction 84 providing

for flow of fluid from the pump 48 to the valve units V7 and V8 of the second valve

set 42. Valve unit V7 is coupled to a return conduit 86 which feeds into the

recirculation conduit 28, whereas the valve unit V8 couples to the outlet conduit 26

through the safety cell 52.

It is preferred that all of the valve units V1-V8 are the same as one another,

and thereby are controllable by the same control parameters. It is not excluded,

however, that the valves V 1-V8 could be different from one another, for example,

have different maximum flow capacities, closing characteristics and so on.

The valve units V 1-V8, as will become apparent below, provide for

complete control of the flow of fluid within the thermoregulation system 10 and in



particular through the interface pack 20. Some examples of control configurations

are shown in Figures 2 to 5 and described below.

As can be seen in Figures 2 to 5 , the valve units V 1-V8 are, in this

embodiment, rotary valves having a casing providing a rounded internal wall

against which there is positioned a flexible tubing or conduit 90. Disposed in the

centre of each valve unit V 1-V8 there is a rotor 92 having opposing rotary bearings

or castors 96. The housing 88 of each valve unit V 1-V8 is generally oval in plan-

view, such that when the rotor 90 is aligned with the longitudinal axis of the casing

88, that is parallel to the longer dimension of the oval shape, the rotor bearings 96

are spaced from the tubing 90 of the valve unit. On the other hand, when the rotor

92 is rotated 90°, so as to be aligned with the short axis of the casing 98 of each

valve unit, as shown in valve units V4 and V7 in Figure 2 , the rotor bearings 96

press against the tubing 90 of the valve units, thereby to pinch the tubing closed.

In this configuration, the valve units (V4 and V7) are fully closed. It will be

appreciated that as the rotor 92 rotates away from this closed position, the rotor

bearings 96 will gradually move away from the housing wall 88 and thereby

gradually open the tubing 90 so as to allow progressively greater fluid flow through

the tubing. In this manner, the valve units V 1-V8 can be variably or

proportionately opened. In this regard, it will be apparent the tubing 90 of the

valve units V 1-V8 will be resilient or elastic, such that the tubing will open as soon

as pinching pressure is released.

The pump position can ensure that fluid from the return mixer is drawn into

either of the tanks or straight into the send mixer via V4. Effectively, the return

mixer is for fluid that has either come from the pack or been recirculated inside the

manifold. The send mixer is for 'replenished' fluid from hot or cold stores and also

anything that is coming straight through V4.

In Figure 2 , the manifold assembly 12 has been configured by the control

unit 56 to supply 50% hot fluid from hot tank 16 and 50% cold fluid from the cold

tank 18 . There is no recirculation of fluid within the manifold assembly 12 as the

recirculation conduit 86 is closed off by the closure of valve V7. In Figure 2 , the

conduits which have been coupled for passage of fluid therethrough are shown

shaded. As can be seen, fluid from the hot tank 16 passes into the send mixer



chamber 44 by virtue of the valve units V5 and V2 being open. Similarly, fluid from

the cold tank 18 also feeds into the send mixer chamber 44 by virtue of the valve

units V6 and V3 being open. Fluid from the return mixer chamber 46 is split by the

valve units V2 and V3 and feeds into the hot and cold tanks. The conduits leading

into and out from each tank can be directional - V2, V3 and V4 only feed into the

tanks or the send mixer chamber. Likewise, Valves V5 and V6 can only draw fluid

from these tanks. The valve unit V4 between the return mixer chamber 46 and the

send mixer chamber 44 is closed, therefore isolating the send and return mixer

chambers 44, 46 from one another. Finally, the outlet valve unit V8 is open, to

allow fluid flow to pass through the outlet conduit 26 into the interface pack 20.

The flow of fluid through the manifold assembly 12 is shown by the arrows

in Figure 2 . More specifically, fluid from the hot tank and cold tank 16, 18 flows

into the send mixer chamber 44 and in practice at the same rate, therefore mixing

the hot and cold fluid equally. From the send mixer chamber 44 fluid passes

through the pump 48 (which is responsible for pumping fluid round the entirety of

the system 10), through the outlet valve unit V8 and into the interface pack 20.

Return fluid from the interface pack 20 passes through the return conduit 54 back

into the return mixer chamber 28 via the first valve unit V 1. The returned fluid from

the return mixer chamber 46 is then fed back in equal proportions to the hot and

cold tanks 16 and 18 respectively. The returned fluid from the interface pack 20 is

therefore returned to the temperature regulator tanks 16, 18 to be, as appropriate,

heated or cooled back to the steady state temperature of these tanks, for feeding

back into the system once again. Fluid from these tanks 16, 18 then passes back

into the send mixer chamber 44 via the valve units V5 and V6, again being fed in

equal proportions, so as to repeat the fluid loop.

It will be appreciated that the control unit 56 may be provided with a control

algorithm for ensuring that fluid is not supplied from the hot and/or cold tanks 16,

18 unless this is at the set temperature. This can usefully be achieved by

providing temperature sensors at the tanks 16, 18 and by appropriate control of

the valve units V2, V3, V5 and V6.

In practice, the configuration of Figure 2 is useful in providing steady state

temperature within the interface pack 20, with the fluid being recirculated during



this process. This configuration is particularly advantageous when there is or

there is expected to be a substantial temperature differential between the outlet

temperature through conduit 26 into the interface pack 20 and the return

temperature from the return conduit 28. This can occur, the skilled person will

appreciate, when the temperature of the fluid fed into the interface pack 20 is

substantially different from body temperature at the site of treatment. This may be

the case, for instance, when the system 10 is set to cool or heat a part of a

patient's anatomy.

Referring now to Figure 3 , this shows another configuration in which the

temperature fluid to be fed into the interface pack 20 is progressively cooled. As

can be seen, the valve units V2 and V5 have been closed, thereby to isolate the

hot tank 16 from the fluid path. The valves to and from the cold tank 18 , that is

valves V3 and V6, are partially closed so as to provide only 50% fluid flow

therethrough. In other words, the valves V3 and V6 are only half open. Valve

units V 1, V4 and V8 are fully open, whereas the recirculation valve V7 is fully

closed. In this configuration, therefore, fluid will flow from the send mixer chamber

44 through the pump 48 and, via the outlet valve V8, into the interface pack 20, to

return via the return path 28 and the valve unit V 1 into the return mixer chamber

46. Fluid from the return mixer chamber 46 is partially fed into the cold tank 18 for

cooling, via the partially open valve unit V3, whereas it is fed without restriction to

the send mixer chamber 44 via the completely open valve unit V4. The proportion

of fluid flow through the valves V3 and V4 is 1:2 (V3:V4).

Similarly, cold fluid supplied from the cold tank 18 passes back into the

send mixer chamber 44 via the partially open valve V6 which is equally fed at a

ratio of 1:2 with respect to the flow in valve unit V4. As a result, 25% of fluid

reaching the send mixer chamber 44 is from the cold tank 18 , whereas the

remaining 75%, that is the bulk of the fluid, is received directly from the return

mixer chamber 46 and thus at the return temperature from the interface pack or

garment 20.

This configuration of the manifold assembly 12 is ideal for providing gentle

cooling of a part of a patient's anatomy, in which only a small proportion of the fluid

within the formed fluid loop is cooled at each cycle.



Referring now to Figure 4 , the manifold assembly 12 is shown in a

configuration in which fluid is set to recirculate internally within the manifold

assembly, that is by isolation of the hot and cold tanks 16 and 18 and also of the

interface pack 20. As can be seen in Figure 4 , the valve units V2, V3, V5, V6 and

V8 are fully closed. On the other hand, valve units V 1, V4 and V7 are fully open.

In this configuration, fluid is able to circulate through the send mixer chamber 44

via the recirculation conduit 86 to the return conduit 28 and back into the return

mixer chamber 46 before being fed again into the send mixer chamber 44. Thus,

the overall temperature of the fluid within this loop of Figure 4 is not subject to

temperature changes from either of the hot or cold tanks 16 or 18 or from the

interface pack 20. This configuration is particularly useful in stabilising the

temperature of the conduit loop within the manifold assembly 12, which can

subsequently optimise and provide fast changes in temperature within the

interface pack 20. More specifically, the temperature of fluid in the loop of Figure

4 can be stabilised and then fed directly into the interface pack 20 by opening

valve V8 and closing valve V7.

As an example, where the part of the patient's anatomy being treated has

stabilised, the system can provide for cutting off of fluid flow within the interface

pack 20 for a period, for the generation of a volume of fluid at a new temperature

within the manifold 12 (which would be preceded by setting the valve units V 1-V8

to provide input from one or both of the cold and hot tanks 16, 18 as appropriate

before fluid isolation into the loop shown in Figure 4) with a rapid change in

interface pack temperature achieved by closure of the recirculation valve V7 and

opening of the outlet valve V8 to replace the fluid within the interface pack 20.

Another configuration of the manifold assembly 12 and thus of the

thermoregulation system 10 is shown in Figure 5 . In this configuration the hot and

cold tanks 16 and 18 are isolated from the fluid loop by closure of the valve units

V2, V3, V5 and V6, while fluid recirculation through the manifold only is cut off by

closure of the valve unit V7. The valve units V 1, V4 and V8 are open, so that fluid

can pass from the send mixer chamber 44 through the pump 48, through the outlet

valve unit V8 into the interface pack 20 and then from the interface pack 20 back

through the return conduit 28 and valve unit V 1 into the return mixer chamber 46,



whereupon it can pass back into the send mixer chamber 44 via the valve unit V4.

In this configuration, there is no adjustment of temperature of the fluid within the

fluid circuit, apart from by heat exchange through the interface pack 20, thereby

maintaining a constant temperature when the temperature of the interface pack 20

matches the temperature of the part of the patient's anatomy being treated, or for

gradual change in temperature of the fluid within the circuit tending towards the

patient's temperature at the site of treatment. This loop can thus provide gentle

temperature stabilisation between the fluid and the patient.

It will be apparent that the manifold assembly 12 can provide numerous

other configurations not shown in the examples of Figures 2 to 5 . For instance,

the manifold assembly 12 can also isolate the interface pack 20 from the circuit in

the manifold assembly 12 and the hot and cold tanks 16 and 18 , for instance in

order to change the temperature within the circulation path without changing

temperature of the fluid within the interface pack 20. More specifically, by closure

of the valve unit V8, in a manner similar to that shown in Figure 4 , fluid flow into

the interface pack 20 can be stopped and with the valve unit V7 open fluid

recirculated within the manifold assembly 12. Upon opening of the valve units V2,

V3, V5 and V6, as appropriate, the temperature of fluid within the recirculation

path can be changed to a desired temperature, which can then be fed into the

interface pack 20 by closing the recirculation valve unit V7 and opening the outlet

valve unit V8, so as to provide a new volume of fluid into the interface pack 20 at

the new temperature, generating a very rapid temperature change within the

interface pack 20 and rapid provision of a new treatment temperature. This can

provide for very rapid changes in treatment temperature, which can be particularly

useful for some treatments.

The pump unit 48 may operate in a single flow direction as indicated by the

arrows in the Figures. Other embodiments may provide for the pump unit 48 to be

able to pump in both directions, which can be useful in creating pressure

differentials within the interface pack 20. However, pressure differentials can also

be created by selective operation of the pump unit 48 and/or by opening and

closing as appropriate the valve units V7 and V8. Specifically, as valve unit V8 is

opened and closed, this will change the fluid pressure within the interface pack 20.



The valve unit V8 can thus be operated to create pressure pulses within the

interface pack 20. When the valve unit V8 is closed, the valve unit V7 should be

opened (but not necessarily in all cases), in order to provide a continuous path for

fluid within the circuit. Of course, as an alternative, the pump could be selectively

activated and deactivated in the appropriate sequence, while in other cases,

dependent upon the speed of opening and closing of the valve unit V8, it may not

be necessary to make any other changes to the operation of the pump or other

valve units V 1-V7.

Figure 6 is a flow diagram useful in depicting the interrelationship between

the various elements of the system 10 and the valve units of the manifold

assembly 12. With reference to Figure 6 , the pump unit 48 provides the fluid

pressure to generate fluid flow within the various configurable fluid circuits of the

manifold assembly 12 and thermoregulation system 10 . The sensor module 50 is

disposed immediately downstream of the pump 48 and thus able to sense

parameters such as fluid temperature and fluid flow rate. Fluid from the pump 48

can pass selectively through the valve unit V7 or valve unit V8, in dependence on

their configuration. In the case of recirculation, fluid passes via the valve unit V7

directly back into valve unit V 1. When fluid is to be output from the manifold

assembly 12, this passes through valve unit V8, through the solid state safety cell

52 (which will close off all fluid flow in the case of the sensing of an abnormality in

the parameters of the fluid), into and through the interface pack 20 back into the

manifold assembly 12 via the return temperature sensor 54. As explained above,

the sensor 54 senses the return temperature of the fluid from the interface pack

20, useful in determining the efficacy of the thermal treatment. Fluid then flows

back to valve unit V 1, which passes the fluid into the return mixer chamber 46.

Fluid from the return mixer chamber 46 can pass, selectively, into one or more of

valve units V2, V3 and V4 and as appropriate, into the hot and/or cold tanks 16

and 18 and from the latter selectively back into the send mixer chamber 44 via

valve units V5 and V6. If any of the fluid is to bypass the hot and cold tanks 16 ,

18 , this will pass via valve unit V4 directly into the send mixer chamber 44, which

then feeds the fluid back into the pump 48 and thus back into the fluid circuit.



It will be apparent from the above that the manifold assembly 12 provides a

configurable fluid circuit system which is able to provide many different

configurations of fluid circuit and as a result a significantly more sophisticated

thermoregulation system than is possible in the prior art.

In addition to the configurations described above, it will be appreciated that

the proportional adjustment aspect of the valve units V 1-V8 enables them to be

partially opened or closed, thereby to allow partial and a proportion of fluid to flow

through the valve units and their associated conduits, in practice providing an

infinitely variable configuration of fluid paths and temperature control to the

thermoregulation system 10 . The control can thus be significantly more

sophisticated than prior art systems which either provide for mixing of fluids within

the interface pack 20 itself or by simple open/closed valves.

Referring now to Figure 7 , this shows in detail an example of the interface

pack 20 in schematic form. The interface pack may be a substantially planar

structure, preferably flexible to be conformable to a patient, and may have other

forms as well, such as a cuff or garment part. The interface pack 20 is formed of

two layers of impermeable material, advantageously a polymer, which are bonded

together to form therewithin a plurality of conduits 112, 114, 116, each of which

extends in a respective temperature regulation treatment zone 30, 32, 34. Each

conduit 112-1 16 includes a respective feed path 36 and return path 38. It will be

appreciated that the number of conduits 112-1 16 and the number of treatment

zones 30-34 may vary with, in some cases, there being only a single conduit and

treatment zone, while in other cases there may be provided two or more than three

sets of conduits and treatments zones. Moreover, the treatment zones 30-34 may

not necessarily be aligned side-by-side as in the example of Figure 7 , as these

could be arranged in an array or any other manner desired or optimal for a

particular application.

The conduits 112-1 16, and as a result the treatment zones 30-34, in this

embodiment extend over substantially entire surface area of the interface pack 20.

In other embodiments, the temperature regulation treatment zones 30-34 may

extend only over a part of the interface pack 20, for instance but not necessarily in

a central portion thereof.



With respect to the example shown in Figure 7 , each conduit 112-1 16 is

arranged in a plurality of spirals 130. In this example six spirals 130 are disposed

in what could be termed the feed direction and six spirals disposed in what could

be termed the return direction of the conduit, for a total of twelve spirals to each

conduit 112-1 16 . Again, the number of spirals 130 would be dependent upon the

size of the interface pack 20 in particular of the heat treatment zones.

Each spiral 130 provides a forward and a return path therein and a path

inversion at point 132, located at the centre-point of the spiral. Thus, in this

example, each conduit or fluid path 112-1 16 provides twelve path inversions along

its length. The advantages of these is described in detail below.

As will be apparent from Figure 7 , the conduits 112-1 16 are all aligned at a

common coupling zone 134 of the interface pack 20, for coupling to a suitable fluid

source. With this embodiment, thus, the fluid source would typically include a

suitable manifold providing three fluid inlets and three fluid return paths. These

may be commonly connected so as to provide equivalent fluid flows through the

conduits 112-1 16 but in other embodiments may be separately fed so as to

provide different fluid flows through each of the conduits and thus in each of the

temperature regulation treatment zones 30-34.

Referring now to Figure 8 , there is shown another embodiment of conduit

140 having similarities to the conduits 112-1 16. However, instead of having spiral

paths 130, the conduit 140 has what could be described as a zigzag shape, with a

plurality of path inversions 142-146. It will be appreciated that in practice the

conduit of the example of Figure 8 would have many more points of inversion

142-146 than shown in Figure 8 , which is to be taken as schematic only.

Figure 8 also shows an example of flow constrictor 150, which may also be

provided in the conduits 112-1 16 of the example of Figure 7 . The flow constrictors

are located at the points of path inversion. As shown in Figure 8 , the flow

constrictors 150 may be what can be described as pinched zones of conduit wall,

which provide a restriction to the path of fluid through the conduit. In other

examples, the flow restrictors 150 could be baffles within the conduit. The

purpose of the flow restrictors 150 is to generate turbulence at the point of path

inversion. This turbulence ensures that there is no stagnation of fluid at the point



of path inversion, which could otherwise lead to the generation of laminar flow,

which would contribute to loss of thermal transfer efficiency of the interface pack.

Of course, the flow constrictors could have any other suitable form and

structure.

Another embodiment of a thermoregulation system 10' including a manifold

12' is shown in Figure 9 . This embodiment operates in a similar manner to the

embodiment of Figure 1, except as outlined below.

The description below refers to thermoregulation fluid and pressure fluid.

Where the term "fluid" is used without being stipulated as thermoregulation fluid or

pressure fluid then, unless the context clearly dictates otherwise, the term is

referring to thermoregulation fluid.

In the embodiment of Figure 9 , at each conduit junction there is provided a

mixing chamber 200 such as shown in Figure 10. As shown in Figure 10 , a conduit

junction will typically have three branches coupled to the mixing chamber, either

two input branches and one output branch, or one input branch and two output

branches.

In Figure 10 , the two branches 202, 206 that are the same (input or output)

are shown as being opposite with respect to the mixing chamber 200. The precise

arrangement of branches is not essential. However, where two branches are input

branches, these branches are preferably arranged so that their fluid inputs into the

mixing chamber are separated by between 90° and 270°, preferably by about

180°. This causes most efficient turbulence and mixing of the fluid flows.

In Figure 10 , the mixing chamber is cylindrical in shape, being circular in the

plane of fluid flow. However, any shape that is wider than any input branch and

provides space for turbulence and mixing can be used.

In the embodiment of Figure 9 , valve units V2', V3', V5' and V6' serve a

purpose corresponding to the valve units V2, V3, V5 and V6 of Figure 1. However,

valve units V2', V3', V5' and V6' in the embodiment of Figure 9 are electronic valve

units which can be opened and closed at high frequency by a control unit 56'.

Owing to the use of mixing chambers at conduit junctions in the

embodiment of Figure 9 , the dedicated send and return mixers 44, 46 of Figure 1

are not needed.



In the embodiment of Figure 9 , there is a first mixing chamber 200 at a

junction of conduit 80 from an output of valve unit V6' and conduit 76 from an

output of valve unit V5', and a send mixer 44' is provided by a second mixing

chamber at a junction of a conduit from an output of the first mixing chamber and

conduit 72 from an output of valve unit V4'.

A dosing pump 48' is coupled by a conduit to an output of the send mixer

44'. The dosing pump 48' can be similar to the pump 48 described above. An

output of the dosing pump 48' is coupled by a conduit to a conduit junction 208.

There is a third mixing chamber 200 at a junction of conduit 64 coupled to

an input of valve unit V2' and conduit 68 coupled to an input of valve unit V3'. A

return mixer 46' is provided by a fourth mixing chamber at a junction of a conduit

to the third mixing chamber and conduit from an output of valve unit V 1' .

Valve units V 1' , V4' and V7' are electronic three-way valve units which can

also be opened and closed at high frequency by the control unit 56'. Valve unit

V 1' is coupled between the return conduit 28 and a conduit coupled to the return

mixer 46'. Valve unit V1' is also coupled via a conduit to valve unit V7'.

Valve unit V7' is coupled between a conduit coupled to the conduit junction

208 and a conduit coupled to a circulation pump 48". The circulation pump 48"

can be similar to the pump 48 described above. As described above, valve unit V7'

is also coupled via a conduit to valve unit V .

Valve unit V4' is coupled between a conduit coupled to the return mixer 46'

and a conduit coupled to the conduit junction 208. Valve unit V4' is also coupled to

a conduit coupled to the send mixer 44'.

An output conduit of the circulation pump 48" is coupled via a sensor 52' to

an outlet conduit 26 of the manifold 12'. The sensor 52' can include a temperature

sensor, a pressure sensor and a flow rate sensor.

The outlet conduit 26 can be configured as described above for coupling to

an interface pack such as described above. Additionally or alternatively, the outlet

conduit can be coupled to a tubular cuff such as described in British patent

application number GB 1309310.9, which is incorporated herein by reference, and

such as described below in connection with Figures 1A to 10A.



Valve unit V8' is coupled between the output conduit of the circulation pump

48" and the return conduit 28. The valve unit V8' is a mechanically operated over

pressure valve. It allows fluid to pass through it only in one direction, in this case

from the pump 48" to the return conduit, and only when the fluid pressure exceeds

a threshold pressure. This means that if the pressure at the output of the

circulation pump 48" gets too great, the valve unit V8' will allow some of it to pass

straight to the return conduit 28, preventing too much pressure being put into the

interface pack.

The valve unit V 1' (or V 1 in the embodiment of Figure 1) can be controlled

to affect the pressure of the thermoregulation fluid in the interface pack by

restricting or allowing the return of fluid from the interface pack. The pressure of

the thermoregulation fluid in the interface pack can also be controlled by the

pumps and by other valves which can affect a flow rate of thermoregulation fluid

into the interface pack.

The embodiment of Figure 9 also includes a pressure system. The pressure

system includes a pump 2 10 operable to pump a pressure fluid from a pressure

fluid source through an output conduit 2 11. Typically, the pressure fluid is air and

the pressure fluid source is the atmosphere. However, the pressure fluid can serve

also as thermoregulation fluid, for example by being temperature controlled air,

thereby avoiding the need for separate pressure and thermoregulation fluid flows.

The output conduit 2 11 is coupled to a three-way valve 212 which is

operable selectively and variably to divert pressure fluid from the pump 2 10 to a

pressure fluid sink, typically the atmosphere, or to allow it to continue in the output

conduit 2 11 towards the interface pack. This enables the pressure of the pressure

fluid to be varied. However, the pump can in some embodiments also or

alternatively be controlled to vary the pressure of the pressure fluid.

A mechanically operated overpressure valve 214 is coupled to the output

conduit 2 11 which allows fluid to pass from the output conduit 2 11 to the pressure

fluid sink only when the pressure in the output conduit 2 11 exceeds a threshold

value. The overpressure valve 214 does not allow fluid to pass from the sink to the

output conduit 2 11. The overpressure valve allows the release of excess pressure

to ensure that too much pressure is not provided to the interface pack.



A pressure sensor 216 is provided which is operable to measure the

pressure of fluid being provided to the interface pack. The pump 2 10 , value 214

and pressure sensor 216 are electrically coupled to and thereby controllable by the

control unit 56'.

The output conduit 2 11 is coupled to a pressure fluid inlet 2 18 of the

interface pack, exemplary operation of which is detailed below with respect to

Figures 1A to 10A.

As described in more detail below, an interface pack may include a liquid

restricted return 220 which is coupled to an input conduit 222. The input conduit

222 is coupled via a separator valve 224 to the return conduit 28. The separator

valve is configured to separate pressure fluid from thermoregulation fluid in the

input conduit 222. Typically, the pressure fluid is air and the thermoregulation fluid

is a liquid such as water, and the separator valve 224 allows air to escape to the

atmosphere.

A valve can be provided to variably restrict the return of pressure fluid to the

thermoregulation assembly. This function can be provided by separator valve 224

or by a separate valve in the manifold assembly or in the interface pack. Variable

operation of this valve can affect the amount of pressure fluid allowed to return

and thereby affect the pressure of the pressure fluid in the interface pack.

The pressure system can be used to provide a desired compression

treatment to a user. As described below, it can also be used to vary a

characteristic energy transfer rate between an interface pack and a user. The

pressure can be controlled for example to increase or decrease the pressure or to

pulse the pressure.

The pressure system can in some embodiments be used in combination

with the system of the embodiment of Figure 1.

As with the embodiment of Figure 1, the embodiment of Figure 9 can be

used to provide a variety of functions. In some embodiments, the system can be

used to provide an interface pack within the range of -5°C to 45°C with or without

compression from the pressure system. The operation and configuration of the

system is controlled by the control unit 56'.



In order to achieve a 50:50 mix of hot and cold thermoregulation fluid in a

manner corresponding to the arrangement of Figure 2 , valve unit V 1' is configured

to direct fluid from the return conduit 28 to the return mixer 46' and not to the valve

unit V7'. Likewise, valve unit V7' is configured to direct fluid from the chamber 208

to the circulation pump 48" and not to valve unit V1'.

The control unit 56' operates each of valve units V2', V3', V5' and V6' to

repeatedly open and close at high frequency. Valve units V2' and V5' are open

while valve units V3' and V6' are closed to allow fluid from the return mixer 46' to

pass to the hot tank 16 and fluid from the hot tank to pass to the send mixer 44',

and valve units V3' and V6' are open while valve units V2' and V5' are closed to

allow fluid from the return mixer 46' to pass to the cold tank 18 and fluid from the

cold tank to pass to the send mixer 44'. In this example, the control unit 56' is

configured so that each of valve units V2', V3', V5' and V6' are open for equal

lengths of time, thereby circulating fluid from the hot and cold tanks substantially

equally, creating a substantially equal mix of hot and cold fluid in the system. The

valve unit V4' is closed, thereby isolating the return mixer 46' from the send mixer

44'.

Fluid from the send mixer 44' is pumped by the dosing pump 48' through

chamber 208 and to circulation pump 48". Valve unit V7' is configured so that fluid

can only flow towards pump 48" and not towards valve unit V 1' . Circulation pump

48" pumps fluid into the interface pack via the sensor 52'.

Fluid returned from the interface pack passes temperature sensor 54 and

through return conduit 28 to return mixer 46'.

In order to achieve a progressive cooling in a manner corresponding to the

arrangement of Figure 3 , the control unit 56' operates the valve unit V4' to

repeatedly change at high frequency so that 75% of the time it allows fluid to pass

from the return mixer 46' to the send mixer 44' and 25% of the time it blocks fluid

received from the return mixer 46'. Valve units V2' and V5' are closed to prevent

fluid passing to or from the hot tank. Valve units V3' and V6' are opened and

closed at high frequency so that they are open when valve unit V4' is blocking fluid

received from the return mixer 46' and closed when valve unit V4' is directing fluid

from the return mixer 46' to the send mixer 44'. In this way, returned fluid at the



return mixer 46' is passed 75% of the time directly to the send mixer 44' and 25%

of the time to the cold tank, and fluid at the send mixer 44' is received 75% of the

time from the return mixer 46' and 25% of the time from the cold tank before being

circulated by pumps 48' and 48".

An advantage of the embodiment of Figure 9 is that functions

corresponding to those of Figures 4 and 5 can be performed simultaneously.

Valve unit V 1' can be configured to direct all fluid returning from the

interface pack towards valve unit V7' and valve unit V7' can be configured to block

all fluid arriving from dosing pump 48' and to direct all fluid received from valve unit

V 1' to circulation pump 48". In this way, the system is divided into two isolated

circuits.

Fluid returning from the interface pack is routed from valve unit V 1' to valve

unit V7' and then pumped back into the interface pack by circulation pump 48".

Although the fluid does not reach return mixer 46' or send mixer 44', fluid is

recirculated around the interface pack without being warmed or cooled by the hot

and cold tanks, in a manner corresponding to Figure 5 .

At the same time, valve units V2', V3', V5' and V6' are closed, isolating the

hot and cold tanks. Valve unit V4' is configured to direct fluid from chamber 208 to

the send mixer 44', meaning that fluid is circulated from the dosing pump 48' to the

chamber 208, to the valve unit V4' and back to the dosing pump 48'.

However, the advantages of being able to provide separate circuits can be

particularly seen where the hot and/or cold tanks are used and the valve unit V4'

allows some fluid to pass from the chamber 208 to the return mixer 46'. In this

way, fluid circulated by pump 48' can be brought to a desired temperature in

isolation of the interface pack before being applied to the interface pack, but while

allowing the interface pack to continue operating with its existing fluid.

In effect, in the embodiment of Figure 9 , the control unit 56' is configured to

operate the manifold 12' in four modes of operation:

1. Circulation in isolation of the hot and cold tanks;

2 . Circulation in isolation of the interface pack;

3 . Circulation exclusively via the hot tank; and

4 . Circulation exclusively via the cold tank.



As can be seen from the above description, there may be more than one

possible circuit for each mode. For example, mode 1 can include: circulation by

the dosing pump 48' via the chamber 208 and the valve unit V4' and/or circulation

by the circulation pump via the interface pack and valves V 1' and V7' and/or

circulation by the dosing and circulation pumps via the interface pack, valve unit

V 1' , return mixer 46', valve unit V4', and send mixer 44'.

Furthermore, modes 3 and 4 can be operated simultaneously with or

separately from mode 2 depending on whether fluid is being brought to

temperature in isolation of the interface pack or circulated via the interface pack

from the hot or cold tanks. An important point to note is that for modes 3 and 4 , all

circulating thermoregulation fluid passes through the hot or cold tank respectively.

The control unit 56' is operable to interchange between modes at high frequency

in order to provide a desired operation. In particular, the system is configured so

thermoregulation fluid is not circulated via the hot tank at the same time as via the

cold tank. The control unit is configured to operate one or more of the valve units

at high frequency to interchange between circulating via the hot tank via the cold

tank or via neither in order to achieve a desired temperature. For example, as

described above, for obtaining a 50:50 mix of hot and cold fluid, the control unit 56'

is operated to interchange between modes 3 and 4 at high frequency, where

modes 3 and 4 are operated without mode 2 . In the example of progressive

cooling described above, mode 4 without mode 2 is operated 25% of the time, and

mode 1 (circulation by the dosing and circulation pumps via the interface pack,

valve unit V 1' , return mixer 46', valve unit V4', and send mixer 44') 75% of the

time.

An embodiment of a control system for a thermoregulation assembly is

described below with reference to the embodiment of the thermoregulation system

shown in Figure 9 . However, the control system can be used, subject to

appropriate modifications, with any thermoregulation regulation assembly

described herein.

As shown in Figure 11, an interface pack 20' is placed around a part of a

user's body, in this case his leg.



The user has a treatment profile which includes a desired temperature

profile 226. The desired temperature profile is a profile of desired temperatures for

the interface pack 20' over time. The treatment profile may also include a profile of

other parameters such as pressure.

However, it is not always appropriate to supply thermoregulation fluid to the

interface pack 20' at the desired temperature according to the desired temperature

profile. Reasons for this include that the temperature of the supplied

thermoregulation fluid does not necessarily equal the temperature of the interface

pack 20' since there can be heating and cooling effects from the surroundings and

the user. In addition, if temperatures are supplied which are too hot or too cold for

a particular user, they can cause too much energy transfer, potentially damaging

tissue, or too little, which may prevent the system from being effective.

Different users respond differently to the application of heat or cold,

depending on their resistance to energy transfer.

The control system is operable to vary a plurality of feed parameters which

can affect the amount of energy passing through the interface pack. These

parameters include the temperature of the thermoregulation fluid being supplied to

the interface pack, the volume of thermoregulation fluid in the interface pack, the

rate of flow of thermoregulation fluid to the interface pack, the pressure of the

thermoregulation fluid, and, in embodiments which utilise the pressure system, the

pressure of the pressure fluid applied to the interface pack. However, it is

advantageous to keep the pressure of the thermoregulation fluid greater than the

pressure of the pressure fluid to prevent thermoregulation fluid becoming trapped

in the interface pack. The feed parameters can be varied by the control unit 56' by

adjustment of the pumps and valves described above.

In order to determine the appropriate feed parameters to comply with the

desired temperature profile for a particular user, the control unit 56' is operable to

obtain a conversion algorithm. In one embodiment, a conversion algorithm is

obtained in the following way.

The system is calibrated. This is generally performed once when a new

system is prepared and before it is supplied to a user. A flow chart of this process

is shown in Figure 12.



First, the specific heat capacity (CHC) of the thermoregulation fluid is

determined.

Then, as shown in Figure 13 , with the interface pack free of a load, that is

without being placed on a user, the thermoregulation system is operated with fixed

predetermined feed parameters for a fixed length of time. During this time, the

sensor 52' measures the temperature, flow rate and pressure of thermoregulation

fluid being supplied to the interface pack, and, where appropriate, the pressure

sensor 216 measures the pressure of the pressure fluid being supplied. The

temperature sensor 54 measures the temperature of the returned

thermoregulation fluid from the interface pack. These data are supplied to the

control unit 56'.

The control unit 56' calculates the difference between the temperature

measured by sensor 52' and the temperature measured by temperature sensor

54. The temperature of the interface pack is calculated as the average of these

temperatures. From these data, the rate of change of the temperature of the

interface pack is calculated. A characteristic energy transfer rate of the unloaded

pack (CSL) is calculated by multiplying the specific heat capacity of the fluid by the

rate of change of the temperature of the interface pack. This is then stored by the

control unit for example in a local data memory.

Once a system is supplied to a user but before a treatment plan is

commenced, a characteristic energy transfer rate between the user and the

interface pack is calculated with the interface pack placed around a user. A flow

chart of this process is shown in Figure 14.

As per the calculation of the characteristic energy transfer rate of the

unloaded pack, the thermoregulation system is operated with fixed predetermined

feed parameters for a fixed length of time and data is measured and supplied to

the control unit 56'. From these data, the rate of change of the temperature of the

interface pack is calculated. This can be by measuring how long it takes to raise

the fixed volume of fluid by 3 or 4 degrees. An absolute energy transfer rate of the

loaded pack (RPL) is calculated by multiplying the specific heat capacity of the

fluid by the rate of change of the temperature of the interface pack. The

characteristic energy transfer rate between the interface pack and the user is



determined by calculating the difference between the absolute energy transfer rate

of the loaded pack and the characteristic energy transfer rate of the unloaded

pack.

As will be apparent, the characteristic energy rates above are specific

energy rates. In other words they are per unit mass.

In other words, the characteristic energy transfer rate between the user and

the interface pack provides the amount more (or less) specific power that needs to

be provided to the interface pack as compared with a system with no load in order

most efficiently to cause a change in temperature.

As will be apparent to the skilled person, the specific power provided to the

interface pack can be varied by varying the mass of fluid in the interface pack, by

varying the difference in temperature between the fluid being supplied to the

interface pack and the interface pack temperature, and/or by varying the rate of

flow of interface pack fluid.

Furthermore, the skilled person will appreciate that the characteristic energy

transfer rate between the user and the interface pack will be affected by the

pressure of the thermoregulation fluid, a pack contact area, and the pressure of

the pressure fluid, if any.

The control unit 56' is operable to obtain a conversion algorithm dependent

upon the characteristic energy transfer rate between the user and the interface

pack. The conversion algorithm provides an algorithm for converting a desired

interface pack temperature into one or more feed parameters which enable the

system to bring the interface pack to or maintain the interface pack at that desired

temperature. In a preferred example, the control unit 56' is operable to access a

remote or local look-up table or graph which provides a conversion algorithm for a

given characteristic energy transfer rate.

Figure 2 1 shows an example of such look-up graphs, one for obtaining a

low temperature limit and one for obtaining a rate of change for applying to a

desired temperature profile. Both graphs are dependent upon a characteristic

energy transfer rate.

In some embodiments, the control unit 56' is operable to obtain a

conversion algorithm for each of a plurality of temperature bands. An example of



this is shown in Figure 20. In order to do this, the control unit 56' is operable to

determine a characteristic energy transfer rate between the user and the interface

pack of each of a plurality of temperatures. Typically, a normal range of operation

of the pack is divided into a plurality of temperature bands, for example a high, mid

and low temperature band. In order to calculate a conversion algorithm for each of

the temperature bands, the method described above for calculating a

characteristic energy transfer rate between the user and the interface pack is

performed with the fixed temperature of thermoregulation fluid being a temperature

characteristic of the band. For example, for a high band, the characteristic

temperature may be 40°C, for a mid band, the characteristic temperature may be

20°C, and for a low band, the characteristic temperature may be 5°C. The control

unit 56' is then operable to obtain a conversion algorithm for each of the bands

dependent on the characteristic energy transfer rate for that band.

Advantageously, the process of calculation of the characteristic energy

transfer rate between the user and the interface pack also brings the interface

pack to a predetermined starting temperature. Since the energy available to be

lost or absorbed by the interface pack is dependent, amongst other factors, on the

difference in temperature between the fluid being supplied to the interface pack

and the interface pack temperature, it is advantageous if the starting temperature

of the interface pack is known when the conversion algorithms are derived. By

using the calculation of the characteristic energy transfer rate to bring the interface

pack temperature to a predetermined starting temperature, the conversion

algorithms available to the control unit 56' can be provided on the basis of the

interface pack temperature at the beginning of a treatment method being the

predetermined starting temperature.

As described above, the characteristic energy transfer rate is dependent

upon a number of feed parameters and the specific power provided to the

interface pack is also dependent upon a number of feed parameters. The control

unit 56' may be operable to obtain a conversion algorithm which maintains a

plurality of feed parameters at fixed values and provides one or more formulae for

varying others. Typically, the volume or mass of fluid in the interface pack is held

at a fixed value. Furthermore, factors such as the pack contact area and the



specific heat capacity of the thermoregulation fluid can be useful for calculating a

characteristic energy transfer rate but in practice are typically held constant.

As described above, the pressures of the thermoregulation fluid and the

pressure fluid are governed by the advantages of the pressure of the

thermoregulation fluid being greater than the pressure of the pressure fluid.

However, the pressure of the thermoregulation fluid and/or the pressure of the

pressure fluid can varied in order to vary the compression of the interface pack

against a user, for example to reach deep tissues. It is preferable in such cases to

apply the desired pressure when calculating the characteristic energy transfer rate

and to keep it constant thereafter. However, it is not excluded that the conversion

algorithms can include formulae that are dependent upon the pressure.

Accordingly, there is often a choice between varying the temperature of the

thermoregulation fluid being supplied to the interface pack and/or varying the rate

of flow of fluid. In some scenarios, for example as shown in Figure 15 , the

conversion algorithm includes a minimum and/or maximum temperature limit to

minimise risk of harm to a user, meaning that variation solely of the temperature is

not appropriate.

In some embodiments, there will be a plurality of possible conversion

algorithms available, depending on which feed parameters are to be held fixed. In

some embodiments, the user can select which conversion algorithm to use. In

some embodiments, the control unit 56' is configured to select a conversion

algorithm in accordance with predetermined criteria.

The control unit 56' is then operable to apply the conversion algorithm to a

desired temperature profile in order to obtain one or more feed parameters, and to

operate the system in accordance with the one or more feed parameters.

As the system is operating, the sensor 52' and the temperature sensor 54

constantly measure the temperature of thermoregulation fluid entering and leaving

the interface pack (respectively the send temperature and the return temperature)

and supply the data to the control unit 56'. The control unit 56' is operable to

calculate therefrom the interface pack temperature, being the average of the send

and return temperatures. If the control unit 56' determines that the interface pack

temperature is not in accordance with the desired temperature profile, the control



unit is operable to modify one or more feed parameters to bring the interface pack

temperature into accordance with the desired temperature profile. If the interface

pack temperature differs from the desired temperature by more than a threshold

value, the control unit 56' can be operable to recalculate the characteristic energy

transfer rate between the user and the pack and obtain a new conversion

algorithm in the manner described above. This ensures that the system delivers

safe volumes of energy, too much and tissue can be damaged, too little and a user

can defeat the energy in the pack meaning the system would not be able to meet

or hold the temperature as defined by the temperature profile.

In the example shown in Figure 13 , two tables of data are provided, one for

the interface pack not placed on a user (no load), and one with the interface pack

placed on a user (with load). The conversion algorithm in this example is with a

liquid flow rate of 2000ml/min to apply a temperature multiplier of 0.4. As shown in

Figure 16, an example of a desired temperature for the example of Figure 13 is to

provide a constant 8°C for 30 minutes. The send temperature can be generated by

mixing measured volumes over time so to achieve 8°C the system can send for 10

seconds at 1000ml/min at 4°C from the cold tank and 34°C for 2 seconds from the

hot tank. However, using the conversion algorithm, a temperature offset is

calculated by multiplying the desired temperature (8°C) by the temperature

multiplier (0.4) to provide a temperature offset of 3.2°C. This is then subtracted

from the desired temperature to provide a send temperature for the

thermoregulation fluid of 4.8°C.

Although this example shows a desired temperature profile of a constant

temperature, the system can equally use profiles including more complex curves

of desired temperatures.

In the example shown in Figure 17 , a characteristic energy transfer rate is

calculated for both user A and user B using the same system. User A and user B

each wear the interface pack which is supplied with thermoregulation fluid at a

temperature of 15°C with a pack volume 500ml at a flow rate of 0.5L/min. The

pack on user A changes by 3°C in 42 seconds whereas the pack on user B

changes by 3°C in 2 minutes. Accordingly different conversion algorithms are

calculated for users A and B.



As can be seen from Figure 18 , the same desired temperature profile, or

treatment profile, is to be applied to each of users A and B, however different feed

parameters are required.

As can be seen, in this example, there are two conversion algorithms

available for each user. A first algorithm entitled 'tune temperature' provides a

fixed flow rate of 0.5ml/min and provides a formula for the temperature of the

thermoregulation fluid sent to the pack dependent upon the desired temperature

profile. A second algorithm entitled 'tune flow rate' provides a fixed fluid

temperature of 12°C and provides a formula for the flow rate of the

thermoregulation fluid sent to the pack dependent upon the desired temperature

profile.

In other words, in Figures 17 and 18 , the same bio-mechanical tuning is

performed on both user A and user B . A predefined temperature, volume and flow

rate of fluid is output by the thermal compression engine (TCE) or manifold

assembly, and the time required for the fluid temperature to change by a defined

amount is recorded. User A has a shorter bio-mechanical tuning time, meaning he

or she has less resistance to energy transfer. This could be due to smaller size,

efficient metabolism or poorer fitness for example when compared with user B.

User B has a longer bio-mechanical tuning time, meaning he or she has more

resistance to energy transfer. This could be due to larger size, more efficient

metabolism or greater fitness for example when compared with user A .

As user A offers less resistance, the bio-mechanical tuning profile is

matched closer to the original target temperature profile. As user B offers more

resistance, the bio-mechanical tuning profile deviates more from the original target

temperature profile. Therefore, user B will require colder temperatures to be

generated to achieve low targets and hotter temperatures to achieve high targets.

This can be seen in Figure 18A.

Figure 19 shows the continuation of the example of Figures 17 and 18 once

treatment is in progress. In this example, the threshold for recalculating the

characteristic energy transfer rate is 5°C. If there is a difference between the send

temperature and the return temperature but that difference is less than or equal to



5°C, the control unit modifies the feed parameters to bring the interface pack

temperature into accordance with the desired temperature profile.

In the table entitled 'not enough energy absorption' it can be seen that the

send temperature is not succeeding in bringing the interface pack temperature to

the desired temperature of 12°C. In other words, the pack is not absorbing enough

energy from the user to reduce his or her temperature. Once the difference

between the send and return temperatures exceeds 5°C, the system recalculates

the characteristic energy transfer rate as described above.

In the table entitled 'too much energy absorption', in the first two rows the

system is operating efficiently, keeping the temperature of the interface pack at the

desired temperature of 12°C. However, in the third row, there is evidence of an

error. The interface pack has for some reason absorbed too much energy, raising

the temperature of the fluid by its return to 14°C. This causes a safety alarm to be

triggered and the system will stop circulation of the fluid.

Alarms are activated at any time the profile does not met the real-time

temperature average of the send and or return paths. This is done as it is

assumed that if the desired profile contradicts the real time sensor output, the

system will need to supply greater or lesser amounts of energy. In each case the

alarms can be internal to the software and/or communicated to the user. Most

alarms are ignored in purging and priming of the system as for example when

starting new treatments there is a period of time of moving energy between the

user and the system. However, in most scenarios the send temperature and return

temperature will always be close; the send temperate will dictate any elevation or

reduction in temperature and the return will follow. If there is a big differential

either way and the unit is not running a contrast profile, then it is assumed that any

big deflection between the two should trigger an alarm if that deflection is not

present in the treatment profile.

The control unit can be programmed to perform the above described

operations.

Figure 1A shows a patient 10A wearing various embodiments of a tubular

cuff (which will be described in more detail with reference to later Figures). The

various cuffs can be constructed so as to fit on the patient's arm 11A , elbow 12A,



hand/wrist 13A, upper leg 14A, lower leg 15A, knee 16A, foot/ankle 17A or on both

of the patient's legs 18A at the same time (the so-called "recovery trousers"

embodiment). It will be appreciated that all of these examples are tubular in

construction and therefore that the body part to be treated can be entirely

surrounded by the tubular cuff by placing the body part inside the hollow part of

the tube.

Turning to Figure 2A, tubular cuff 20A comprises a thermal chamber 22A

which is defined by the cylindrical space between cylindrical inner wall 23A and

cylindrical separator wall 24A. Pressure chamber 26A is defined by the space

between separator wall 24A and outer wall 27A, such that pressure chamber 26A

completely surrounds thermal chamber 22A and is concentric with it. The hollow

space defined by tubular inner wall 23A is the space into which body part 2 1A is

placed prior to treatment.

It can be seen that thermal chamber 22A is filled with open-celled foam 25A

(specifically, 6mm reticulated polyurethane foam with a porosity of 10 pores per

inch) and the function of this will be described below.

Turning now to Figures 5A and 3A, these show a longitudinal cross-section

of tubular cuff 20A (Figure 5A) and an enlarged part of Figure 5A (Figure 3A). It

can be seen that inner wall 23A, separator wall 24A and outer wall 27A are formed

from three tubes 3 1A , 32A and 33A respectively and that these are bonded

together at either end of cuff 20A in order to terminate thermal chamber 22A and

pressure chamber 26A. The tubes may be hollow to enable fluid to be conveyed

along them or alternatively may simply be formed of a flexible solid material to

function solely as a wall. In the example shown in Figures 3A and 5A, inner wall

23A and separator wall 24A are formed from for 80-1 50 micron polyurethane film

and outer wall 27A is formed from 200 denier polyurethane-coated nylon.

As shown in Figures 3A, 5A, 6A and 7A, thermal chamber 22A and

pressure chamber 26A are supplied with cooling/heating liquid and air respectively

through the ends of tubular cuff 20A. Air feed tube 70A is connected to pressure

chamber 26A via tubing port 75A and likewise liquid feed tube 7 1A , liquid return

tube 72A and restricted liquid return tube 73A are connected to thermal chamber

22A via tubing ports 75A. Tubing ports 75A are welded in between the layflat



layers. This configuration eliminates the need for tubing within the liquid chamber,

which can distort the cuff.

There are two liquid returns: liquid return tube 72A at the bottom of cuff 20A

and restricted liquid return tube 73A at the top of cuff 20A. Restricted liquid return

tube 73A connects onto a smaller orifice size and functions as an exhaust to allow

any air to escape from the thermal chamber 22A. This has been found to prevent

air from restricting liquid flow and preventing liquid from exiting cuff 20A freely.

Restricted liquid return tube 73A also allows cuff 20A to continue its operation

even if held upside down or in the opposite direction to what is recommended

without putting too much strain on the hardware which provides the

cooling/heating liquid.

Cuff 20A may be fitted into outer jacket 30A having articulation area 100A

and this is shown in more detail in Figure 8 .

An alternative view of cuff 20A is shown in Figure 6A in which it can be

seen that cuff 20A is formed from a series of concentric tubes fitted one inside the

other, namely inner wall 23A, open celled foam 25A, separator wall 24A, outer wall

27A and outer jacket 30A from bottom to top (or from inside to outside) in Figure

6A. Figure 6A also shows air feed tube 70A, liquid feed tube 7 1A , liquid return

tube 72A, restricted liquid return tube 73A and tubing ports 75A which are shown

in more detail in Figure 7A.

In use, body part 2 1A is placed inside cuff 20A in the tubular space defined

by inner wall 23A. Pressure chamber 26A is then partially inflated by pumping air

into it through air feed tube 70A. Pressure chamber 26A is not fully inflated, but

merely filled with sufficient air to enable cuff 20A to grip body part 2 1A . This also

has the effect of compressing thermal chamber 22A against body part 2 1A in order

to maximise the surface contact between inner wall 23A and the skin of patient

10A.

A key technical advantage of this construction is that any excess material

formed of inner wall 23A, open-celled foam 25A and separator wall 24A is

automatically accommodated by pressure chamber 26A to enable thermal

chamber 22A to surround and contact body part 2 1A completely without flow of

liquid within thermal chamber 22A being impeded. This is shown schematically in



Figures 4a and 4b, in which Figure 4a shows cuff 20A under no compression and

Figure 4b shows cuff 20A under compression caused by pressurised air in

pressure chamber 26A compressing thermal chamber 22A against body part 2 1A .

It can be seen that thermal chamber 22A completely contacts and surrounds body

part 2 1A and that the parts of thermal chamber 22A which are in excess are

accommodated within pressure chamber 26A in the form of ruckles 40A. It is

preferable for the material defining thermal chamber 22A to be sufficiently thin to

allow it to collapse into itself so that the excess material can move into the space

of the pressure chamber 26A to form ruckle 40A.

Once thermal chamber 22A has been contoured around body part 2 1A , it is

filled with cooling fluid as will now be described.

Thermal chamber 22A is filled with cooling fluid by injecting the fluid into

liquid feed tube 7 1A . It then flows through open-celled foam 25A from one end of

thermal chamber 22A to the other and then exits thermal chamber 22A via liquid

return tube 72A.

The function of open-celled foam 25A is randomly and evenly to distribute

the fluid throughout the thermal chamber 22A so that the cooling effect is applied

evenly and completely over the surface area of body part 2 1A which is contacted

by thermal chamber 22A. Foam 25A also takes up a large volume inside thermal

chamber 22A, which means that not so much cooling fluid is required to

'submerse' the limb in liquid. It also maintains the shape and structure of the

thermal chamber 22A, ensuring that fluid flow is not restricted to particular areas.

Foam 25A can compress, deform and stretch to conform evenly around the body

part. Different densities, thicknesses and weights of foam 25A can be used to

improve coolant flow and thermal transfer.

Once thermal chamber 22A has been filled with cooling fluid, further

pressure can be applied to the air in pressure chamber 26A in order to maximise

compression of thermal chamber 22A against body part 2 1A . This can also be

used to apply compression therapy to body part 2 1A , and this compression

therapy can be varied by varying the pressure of air in pressure chamber 26A.

It will be appreciated that a heating fluid can be used instead of a cooling

fluid for applying heat therapy to body part 2 1A .



When the therapy has been completed, flow of the cooling/heating fluid

through thermal chamber 22A is ceased and air pressure is released by emptying

the pressure chamber 26A so that cuff 20A can be removed from body part 2 1A .

As noted below, cuff 20A is fitted inside outer jacket 30A, preferably prior to

being fitted onto body part 2 1A . Alternatively, outer jacket 30A can be applied

over cuff 20A once it has been placed over body part 2 1A .

Outer jacket 30A is formed of any suitable textile such as ripstop nylon or

coated fabric. The function of outer jacket 30A is to provide cylindrical support and

to direct all compression forces inwardly onto body part 2 1A . It also restricts and

controls the amount of outward ballooning from pressure chamber 26A.

As shown in Figure 8A, outer jacket 30 can include an elastic section 100A

and a more rigid material 10 1A in order to provide an articulation area 105A

around an articulated body part 2 1A . This allows for articulation of the body part

and allows the device to bend laterally. It also allows the pressure chamber 26A

to balloon and deform around the articulated joint whereas this ballooning and

deforming is restricted by rigid material 101A around the straight/non-articulated

parts of the limb.

Figure 9A shows an alternative example which provides for an articulation

area 105A as in the embodiment of Figure 8A. In this example, the pressure

chamber 26A is provided with plastic ligaments 110A which can stretch in a region

115A on the outside of the articulated body part to control deformation of the

device as a whole. Ligaments 110A may alternatively be provided as a part of

outer jacket 30A (not shown in Figure 9A).

It will be understood that different outer jackets 30A can be provided for

different body parts 21A, depending upon the size, shape and articulation required

and that these specific outer jackets 30A can be used with generic cuffs 20A.

Optionally, cuff 20A may include articulation coil 120A as shown in Figure

10A. This is formed of a helical coil of reinforcement wire and is housed in

pressure chamber 26A. Its function is to provide radial support whilst allowing

lateral flex 125A and thereby accommodate limb flexion.



All optional and preferred features and modifications of the described

embodiments and dependent claims are usable in all aspects of the invention

taught herein. Furthermore, the individual features of the dependent claims, as

well as all optional and preferred features and modifications of the described

embodiments are combinable and interchangeable with one another.

The disclosures in United Kingdom patent application numbers GB

12 11149.8 and 130931 0.9, from which this application claims priority, and in the

abstract accompanying this application are incorporated herein by reference.



CLAIMS

1. A control system for a thermoregulation assembly, including:

a fluid manifold assembly including a manifold input for receiving

thermoregulation fluid from at least one source of thermoregulation fluid at a

thermoregulation temperature, and a manifold output for supplying

thermoregulation fluid to an interface pack; the manifold assembly being operable

to selectively provide thermoregulation fluid into a said interface pack via the

manifold output in accordance with feed parameters;

a control unit operable to obtain a desired temperature profile and a

conversion algorithm, the desired temperature profile providing a profile of desired

interface pack temperature and the conversion algorithm providing a formula for

deriving one or more feed parameters for bringing a first such interface pack to or

maintaining the first interface pack at a desired temperature, the conversion

algorithm being dependent upon a characteristic energy transfer rate between a

first user and the first interface pack;

wherein the control unit is operable to calculate one or more feed

parameters from the desired temperature profile and the conversion algorithm;

wherein the control unit is operable to operate the fluid manifold assembly

in accordance with the said one or more feed parameters.

2 . A control system according to claim 1, wherein the fluid manifold assembly

includes a second input, the second input being for receiving thermoregulation

fluid from a said interface pack, and an input temperature sensor coupled to the

control unit and disposed to measure a return temperature of thermoregulation

fluid received at the second input from a said interface pack;

wherein the control unit is operable to repeatedly determine, based at least

on the return temperature sensed by the input temperature sensor, an interface

pack temperature;

wherein the control unit is operable to modify one or more feed parameters

in response to the interface pack temperature to bring the interface pack

temperature into correspondence with the desired temperature profile.



3 . A control system according to claim 2 ,

including an output temperature sensor coupled to the control unit and

disposed to measure a send temperature of thermoregulation fluid provided via the

manifold output;

wherein the control unit is operable to determine the interface pack

temperature by calculating an average of the send temperature and the return

temperature.

4 . A control system according to any preceding claim, wherein the control unit

is operable to obtain a said conversion algorithm for each of a plurality of

temperature bands, wherein the control unit is operable to calculate the one or

more feed parameters from the desired temperature profile and a conversion

algorithm for the temperature band within which the system is operating.

5 . A control system according to any preceding claim, wherein the one or

more feed parameters include one or more of: a temperature of thermoregulation

fluid provided via the manifold output, a flow rate of thermoregulation fluid provided

via the manifold output, a pressure of thermoregulation fluid provided via the

manifold output and a volume of thermoregulation fluid in a said interface pack.

6 . A control system according to any preceding claim, wherein the manifold

assembly is operable to vary a temperature of fluid provided via the manifold

output.

7 . A control system according to claim 6 wherein the manifold input is

operable selectively to receive thermoregulation fluid from a hot source of

thermoregulation fluid and a cold source of thermoregulation fluid, the manifold

assembly including at least one mixer between the manifold input and the manifold

output, the control unit being operable to control the at least one mixer to mix fluid



received from the hot source and the cold source thereby to vary the temperature

of fluid provided via the manifold output.

8 . A control system according to claim 6 or 7 wherein the manifold assembly

includes the at least one source and the control unit is operable to vary the

temperature of the at least one source.

9 . A control system according to any preceding claim including a variable flow

unit operable to control a flow rate and/or a pressure of fluid provided via the

manifold output, wherein the control unit is operable to control the variable flow

unit.

10 . A control system according to claim 9 wherein the variable flow unit

includes a pump.

11. A control system according to any preceding claim wherein the manifold

assembly includes at least one controllable valve for selectively providing

thermoregulation fluid via the manifold output.

12. A control system according to any preceding claim, wherein the

thermoregulation assembly includes a pressure system, the pressure system

including a source of pressure fluid and a pressure fluid outlet, wherein the control

unit is operable to control the pressure system to provide pressure fluid via the

pressure fluid outlet with a predetermined pressure profile.

13 . A thermoregulation assembly including a control system according to any

preceding claim.

14. A method of operating a thermoregulation assembly, the assembly

including:

a control unit;



an interface pack provided with at least one fluid path therein for the

passage of thermoregulation fluid therethrough and a fluid inlet and a fluid outlet;

a fluid manifold assembly including a manifold output attachable in fluid

communication with the fluid inlet of the interface pack, the manifold assembly

being operable to selectively provide thermoregulation fluid into the fluid inlet of

the interface pack in accordance with feed parameters;

at least one source of thermoregulation fluid at a thermoregulation

temperature coupled to a manifold input for supplying thermoregulation fluid to the

manifold assembly;

the method including the steps of:

determining a characteristic energy transfer rate between a user and the

interface pack;

obtaining a conversion algorithm dependent upon the characteristic energy

transfer rate, the conversion algorithm providing a formula for deriving one or more

feed parameters for bringing the interface pack to or maintaining the interface pack

at a desired temperature;

obtaining a desired temperature profile, the desired temperature profile

providing a profile of desired interface pack temperature;

calculating one or more feed parameters from the desired temperature

profile and the conversion algorithm;

operating the fluid manifold assembly in accordance with the said one or

more feed parameters.

15 . A method according to claim 14,

wherein the thermoregulation assembly includes an input temperature

sensor for sensing a return temperature of thermoregulation fluid leaving the fluid

outlet of the interface pack and wherein the manifold assembly is operable to

provide thermoregulation fluid to the interface pack at a send temperature;

wherein determining a characteristic energy transfer rate between a user

and the interface pack includes:

operating the manifold assembly to provide thermoregulation fluid to the

interface pack with send temperature being fixed for a period of time;



operating the input temperature sensor to measure the return temperature;

calculating a rate of change of temperature difference between the send

temperature and the return temperature;

determining a characteristic energy transfer rate based on the said rate of

change.

16. A method according to claim 15 including operating an output temperature

sensor to measure the send temperature.

17 . A method according to claim 15 or 16,

wherein determining a characteristic energy transfer rate based on the said

rate of change includes multiplying the said rate of change by the specific heat

capacity of the thermoregulation fluid.

18 . A method according to any of claims 15 to 17 ,

wherein determining a characteristic energy transfer rate between the user

and the interface pack includes:

operating the manifold assembly to provide thermoregulation fluid to the

interface pack with the send temperature being fixed for a first period of time

wherein the interface pack is not applied to a user;

operating the input temperature sensor to measure, preferably repeatedly,

the return temperature during the first period;

calculating a first rate of change of temperature difference between the

send temperature and the return temperature, the first rate of change

corresponding to the first period;

determining a characteristic energy transfer rate of the interface pack

without a user based on the first rate of change;

operating the manifold assembly to provide thermoregulation fluid to the

interface pack with the send temperature being fixed for a second period of time

wherein the interface pack is applied to the user;

operating the input temperature sensor to measure, preferably repeatedly,

the return temperature during the second period;



calculating a second rate of change of temperature difference between the

send temperature and the return temperature, the second rate of change

corresponding to the second period;

determining a characteristic energy transfer rate between the interface pack

and the user based on the second rate of change and including subtracting the

characteristic energy transfer rate of the interface pack without a user.

19 . A method according to any of claims 15 to 18 , including determining a said

characteristic energy transfer rate between the user and the interface pack for a

plurality of temperature bands, including, for each temperature band, determining

a said characteristic energy transfer rate between the user and the interface pack

wherein the send temperature is fixed at a characteristic temperature for the

respective temperature band.

20. A method according to any of claims 14 to 19 ,

wherein obtaining a conversion algorithm includes accessing a look-u

table or graph and identifying a conversion algorithm corresponding to the

characteristic energy transfer rate between the user and the interface pack.

2 1. A method according to any of claims 14 to 20, wherein the fluid manifold

assembly includes a second input for receiving thermoregulation fluid from the

interface pack and an input temperature sensor coupled to the control unit and

disposed to measure a return temperature of thermoregulation fluid received at the

second input from the interface pack; the method including

repeatedly determining, based at least on the return temperature sensed by

the input temperature sensor, an interface pack temperature;

modifying one or more feed parameters in response to the interface pack

temperature to bring the interface pack temperature into correspondence with the

desired temperature profile.

22. A method according to claim 2 1,



wherein the thermoregulation assembly includes an output temperature

sensor coupled to the control unit and disposed to measure a send temperature of

thermoregulation fluid provided to the interface pack, the method including

determining the interface pack temperature by calculating an average of the send

temperature and the return temperature.

23. A method according to claim 2 1 or 22, including:

if a difference between the interface pack temperature and the desired

temperature profile exceeds a threshold value, re-determining the characteristic

energy transfer rate between the user and the interface pack and re-obtaining the

conversion algorithm.

24. A control unit programmed to perform the method of any of claims 14 to 23.

25. A compression regulation assembly including a fluid inlet for receiving fluid

from a source, a fluid outlet for providing fluid to an interface pack, and a pressure

control unit for selectively varying the pressure of fluid provided to a said interface

pack.

26. An assembly according to claim 25, wherein the pressure control unit

includes a pump and/or a controllable value unit for variably allowing a pressure

release by variably allowing fluid to pass to a pressure fluid sink.

27. An assembly according to any of claims 25 to 26, wherein the fluid is

thermoregulation fluid and/or pressure regulation fluid.

28. An assembly according to any of claims 25 to 27, wherein the fluid includes

or is air.

29. An assembly according to any of claims 25 to 28 wherein the fluid is

pressure fluid and the assembly includes a thermoregulation fluid input for

receiving thermoregulation fluid from at least one source of thermoregulation fluid



at a thermoregulation temperature, and a thermoregulation outlet for providing

thermoregulation fluid to a said interface pack.

30. An assembly according to claim 29, including a pressure control unit

operable to control a pressure of the thermoregulation fluid provided to a said

interface pack.

3 1 . An assembly according to any of claims 29 to 30, including a pressure fluid

inlet for receiving returned pressure fluid from a said interface pack, and a

separator valve operable to separate pressure fluid from thermoregulation fluid

received via the pressure fluid inlet.

32. An assembly according to any of claims 25 to 3 1 , including a feed control

unit operable to control a flow rate of fluid provided to a said interface pack and/or

operable to control a volume of fluid in a said interface unit.

33. An assembly according to any of claims 25 to 32, including a temperature

control unit operable to control temperature of the thermoregulation fluid provided

to a said interface pack.

34. An assembly according to any of claims 25 to 33, including an interface

pack with fluid chamber, inner and outer walls, wherein the outer wall is stiffer than

the inner wall.
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