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Flexible electrodes 344, 346, 348 (figs 1-5) comprise
a honey-comb mesh of conductive elements to
provide flexibility, and are mounted on a flexible
substrate 320 such as a PCB, which has a
non-conducting sealing arrangement 330 (30 fig 1;
130 fig 3) on its periphery to prevent ingress of
moisture. Alternative sealing means may be
provided on the non-contacting surface of the
substrate (figs 3,12). Three electrodes many be
connected to an external generator (fig 7) or a
generator circuitry may be mounted on the
non-contacting surface of the substrate (fig 14). The
generator can preferably switch between pairs of
electrodes. The electrodes may be used to apply
current to a patient’s skin to treat wounds and the
electrodes may be arranged about the wound (figs 6,
7, 16).

320

CHHS
HHEHHHH
HH AR
020202620 % ¢

348

FIGURE 10

Original Printed on Recycled Paper

VY 6vaccr ¢ 99



117

FIGURE 1



2/17

FIGURE 2



317

100

120 140

143

FIGURE 3



4/17

120 121 140

e ] )
(o o T T
[ Mo Il (I u u PR 1 S
LI B R I P R R IR B Y 3 |‘| u,.i VoA o4
b 1=y LI =i, Gy l"* n ", “l i L
v e i NIRRT Y g u
TR T TH if’?’i = i e
, § iai , m‘ ,I‘ ,’ , B ,” ,," ] K'"”; H -M, . . )
AT T L e if:,,jal,‘“lu,,, A TRASTA n ll
_— U B EL O ".(l:,,l‘ll.ii Wy l"“”i R T R DS A : 141
142 R CNT n;f, VA=, it [ IR LA h- .4 ||
) B 1 ik TRNY' u "u N1 I T S T
€ =g ‘,,H" e =1, 'u‘ Ll TR YA T A
e T T T T 143
t e u,,l ENTER TR T o ;-’”il T
‘:il‘,r; n’;an; x,llllil;l,l‘ I I B
WL n‘“ v = K TEEN KT nl t l" R
'-t,f- Tk (ET! ,‘u'u W= TR TR
TR ’xl-‘?)t' [T TR T Y , M=

.‘;"'

A T R L A T T L T T S TR

Voo LR T T P e L | SN B 1

U S I T BN VL D BN I I R I | 10 d ; I
. 4 ' ’x“

R CATER IR E & o) 1-' "o
oo =l o= ¥y = T ] B n’ ’ -l,, =i
O I L Rl L TR N B TR TR TN T S TS T I

130

FIGURE 4



230

\\\
~.
—
.

FIGURE 5



6/17

:) GENERATOR (

251 /
252

280

™~
~- \\ /
N 265
201 /
202

FIGURE 6



717

2800
251
\ 2014
0 GeneraToR E\\ ’
2015 ;
=l 252
2016 -
253
: 203
F - —— = pun———— \\\\ /
i |
248 : |
:’ |
[ !
> |
i |
| |
i | 1
| |
)

FIGURE 7



817

FIGURE 8



9/17

Siol

v10L

V6 34NSOId

4o0qpIay tod3vay

a

10558304y

wavienuy -

E|

0L0L

{318 seyaiinag)

H

T

IuauLtkCE

Jospy

922neg
.1‘\ 1udIin)
Y33 iAg 3199wrJboay

Rhiiaeroy

800!

000!

]

u (AZT) m
s ] (4 [
e _
N
N\
9004 v00L

ocoL

c00b



g6 ANOId

-

320qpas 4

N~
-
S
-
r:-«“%%ﬁ Q]

7102 D 4
5102 4
9102 4

a Joss5a304y

sauenbag

{tediuag

|A

Yazing
asudnbag 3§

Airi4c0yg

[43074

m azangg
1uBa4n)

d1qeneJBboay

[FIFEYYT]

7

800¢

000c

0c0c

AN

[24@ SIYILIAG

y

e33R jadL U]

FEEY]

u LAZT)

- 43 Ldnapenyp

aboy oy

m J93¥P204y
yaiLiag 3

T PIYLE!

1]
A :_HH

\

I

o

/

/

900¢

/
/

v00¢

¢00c



11/17

344 300

356

346

FIGURE 10



400

458

Ve

FIGURE 11



552

520

13117

500

580 l !

532

560

FIGURE 12



14/17

502

7

7

)

)

T s e s e e e e Emem h e e e e e e e . e—— . e e ——

A

Y

FIGURE 13



16117

600

644

656

688

684

658

FIGURE 14



16/17

800

‘::: I:I:I:I:ﬁ:!&:} KRN a;o:;#o RN ::::::4 ::::‘: SN 4:::":
B L R 4teds)
B Y T
e T N A
R R R R R S LR X R I IR R KRR K
L ey
B L e
*"'*0“"‘"{4"f"f"'?"ﬁ"*‘f"'f’f’f"* '9”0*"1‘ffff’f"f"‘f"ff"““’“""++++*fff"
e e

e
e L L L R it 2425 &5 ool
R R R N LR e e % & el

T R e L R &5 &

R

'+

o

+

5

&5

ot
8 B
& & e
B
R N NI AR A AR AR AR AR KR AN,

&

¥
3%

FIGURE 15



17117

700

765

FIGURE 16



2422549

ELECTRODE ARRANGEMENT FOR APPLYING ELECTRICAL SIGNALS TO
THE SKIN OF AN ANIMAL

The present invention relates to an electrode arrangement for applying electrical signals

to the skin of an animal such as a human.

Background of the Invention

It is well documented that that the process of healing, growth and regeneration in living
tissue is brought about by the flow of the body’s own natural electrical current.
Assisting the human body’s natural healing tissue by applying electrical signals to the
body in a form of therapy known as electrotherapy has been described in various
publications. Electrotherapy is used in wound healing, pain treatment and muscle

stimulation.

Effective electrotherapy requires the use of suitable electrodes or pads for administering
electrical signals to the skin. For treatment to be successful, electrodes must be
cffectively electrically coupled to the skin. Accomplishing such an effective coupling is
not evident when applying electrodes to uneven skin surface and curved body parts.
Any such electrode device must therefore be sufficiently flexible to accommodate the
curvaceous naturc of the human body and to accommodatc relative movement of
patients skin during therapy. Precise placement of electrodes on the body is another

important requirement influencing the outcome of treatment.
Various electrodes for application of electrical signals to the skin have been proposed.
US5450845 describes a medical electrode system which includes a flexible electrically

conductive patch disposed on an electrically non-conductive backing material. The

basic electro-conducting and electrical distribution portion of the electrode is washable
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and reusable. A separate disposable, adhesive, electrical conductive pad is used to
couple this portion to the skin. One embodiment of the invention described uses a
plurality of electrodes and a system for insuring proper placement of the electrode set on

the body part.

US6788979 describes an electrical stimulation compress kit which allows for precise
repeatable positioning of stimulation pads onto a body part. The device includes a
flexible member for contacting a body part and hook/loop members for tightly
supporting the flexible member against the body part.

The above systems suffer from the disadvantages that they are not effectively sealed
against the ingress of moisture to exposed electrically conductive components of the
electrode and that they must be connected to external leads and current generators in

order to operate.

Summary of the Invention

The present invention provides an electrode arrangement and a method for applying

electrical signals to skin of an animal such as a human.

In one aspect of the invention, the electrode arrangement includes a flexible electrically
non-conductive substrate, one or more electrodes provided on a first surface of the
substrate for applying electrical signals to the skin when placed on the skin, one or more
connectors each connected to an individual electrode for providing electrical signals to
the respective individual electrode, and an electrically non-conductive sealing
arrangement connected to the substrate for sealing the substrate and the skin to prevent
ingress of moisture to the at least one electrode and to the at least one connector at the
connection to the respective electrode. Thus in accordance with this aspect of the
invention, the electrode arrangement is resistant to the ingress of moisture such as urine,
perspiration and blood which may lead to electrical short circuits and disruption to the
functioning of the electrode system. This is particularly beneficial when using the
electrode to perform electrotherapy on patients who may be incontinent or for use in

wound healing where the wounds seep plasma or exude infected material.



In one embodiment, the electrically non-conductive sealing arrangement is applied to an
edge region of the substrate and disposed around said at least one connector. In another
embodiment, the sealing arrangement comprises adhesive material for adhering the
substrate to the skin. In a further embodiment, the first surface of the substrate includes
a peripheral region where there is no electrode is provided and the adhesive material of
the sealing arrangement is applied to this peripheral region. In another embodiment, the
sealing arrangement is placed over a second surface of the substrate opposed to said first

surface.

In an embodiment of the invention, electrical components are provided on the second
surface of the substrate. This arrangement allows electrical connections to be made to
the or each electrode on the side of the electrode arrangement not in contact with the

skin.

In an embodiment of the invention, each electrode comprises a plurality of
interconnected electrically conductive elements to allow flexion of the electrode
arrangement. Such an arrangement allows effective electrical coupling to be made
between an electrode and the skin even when the surface to which the electrode is being

applied is uneven or curvaceous.

In an embodiment of the invention, the plurality of interconnected electrically
conductive elements are arranged in a mesh pattern to allow flexion of the electrode

arrangement.

In a further embodiment of the invention, the plurality of interconnected electrically

conductive elements are arranged in a matrix.

In a further embodiment, the electrode arrangement further comprises electrically
conductive gel on the electrode. This arrangement enhances the electrical conductivity
across the surface of the electrode and provides further effective electrical coupling

between the electrode and the skin.
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In another aspect of the invention, an electrode arrangement for applying electrical
signals to skin of an animal includes a flexible electrically non-conductive substrate and
at least one electrode provided on a first surface of the substrate for applying electrical
signals to the skin when placed on the skin, wherein the substrate includes an extended
portion comprising at least one electrically conductive region, the or each electrically
conductive regions being in electrical contact with a respective electrode to form a
connector to said electrode. Thus in accordance with this aspect of the invention, an
electrode arrangement with a low profile connecting lead is provided. The connector
being substantially flat will not indent the skin of the patient and help to minimise any
discomfort. Furthermore, such an arrangement will not result in raised areas and bulges

in bandaging which may be applied over the electrode arrangement during treatment.

In a further aspect of the invention, an electrode arrangement for applying electrical
signals to skin of an animal comprises a flexible electrically non-conductive substrate,
at least one electrode on a first surface of the substrate for applying electric signals to
the skin when placed on the skin, and an electrical generator circuit on a second surface
of the said substrate opposed to the first surface of said substrate to apply electrical
signals to said at least one electrode. This aspect of the invention provides an electrode
arrangement which is self contained and can operate autonomously without the need to
be connected to an external electrical current generator in order to function. The
electrode arrangement can therefore be used without using cumbersome external leads.
Furthermore, the patient undergoing electrotherapy can move around without having to
move a separate electrical generator device around with him. Treatment can be thereby
be practically implemented over long periods of time without intervention and

electrotherapy can be performed on a patient in the comfort of his own home.

In an embodiment, the electric generator circuit is adapted to switch current to flow
between different electrodes of the at least three electrodes. This arrangement allows
current to be applied through different paths across an injured area of tissue thereby

enhancing electrotherapy treatment techniques
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In another embodiment, the electrical current generator is adapted to switch the
direction of current flow between electrodes. This arrangement allows different current

profiles to be applied across an area of treatment.

In a further embodiment, the electrical current generator comprises a waveform
generator for generating current waveforms across said electrodes. This allows different
current waveforms to be applied across the area of treatment and the treatment to be

adapted to the patient.

In a further embodiment, the waveform generator is pre-programmed with at least one
program to generate a pre-determined waveform or a pre-determined sequence of
predetermined waveforms. Standard treatment programs can therefore be programmed

into the system and automatically run, resulting in a user-friendly system.

Another aspect of the invention provides an apparatus for treating a wound comprising

a flexible electrically non-conductive substrate, at least three electrodes on a first
surface of the substrate for arrangement around the wound, at least three connectors,
each connected to a respective electrode adapted to allow current to flow to each of the
at least three electrodes when connected to a current generator and an electrical current
generator for applying current to said connectors and to switch current between pairs of
electrodes. This aspect of the invention provides an apparatus for treating wound in
which the electrical current can pass through different paths through the tissue under the
wound thereby providing more effective treatment of the wound. Furthermore, since the
electrodes are fixed on a common substrate relative position between electrodes does

not change during treatment.

A further aspect of the invention provides a method for treating a wound involving
placing at least three electrodes on the skin around the wound, applying electrical
current between electrodes of the at least three electrodes and switching the current to
flow between different electrodes of the at least three electrodes. This aspect of the
invention provides a new and improved method whereby electrical current can take

different paths across the wound simultaneously or in cycles resulting in an increase in
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the efficacy of wound healing. Any type of wound such as venous ulcers, pressure

sores, diabetic ulcers may be treated using such a method.

Any aspect of the invention can be used in conjunction with another aspect of the

invention.

Brief Description of the Drawings

Embodiments of the invention will now be described with reference to the

accompanying drawings, in which:-

Figure 1 is a partial cross sectional view of an electrode arrangement according to a first

embodiment of the present invention;

Figure 2 is a schematic diagram of the electrode arrangement according to the first

cmbodiment of the present invention;

Figure 3 is a partial cross sectional view of an electrode arrangement according to a

second embodiment of the present invention;

Figure 4 is a schematic diagram of the electrode arrangement according to the second

embodiment of the present invention;

Figure 5 is a schematic diagram of an electrode arrangement according to a third

embodiment of the present invention;

Figure 6 is a schematic diagram of an area of treatment showing electrode arrangements

of figure 5 placed around a wound;

Figure 7 is a schematic diagram of an area of treatment showing electrode arrangements

of figures | and 2 disposed around a wound;
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Figure 8 is a schematic diagram of an area of treatment according to an embodiment of

the invention;

Figure 9A is a schematic diagram of a device for generating electrical current according

to an embodiment of the invention;

Figure 9B is a schematic diagram of a device for generating electrical current according

to an alternative embodiment of the invention;

Figure 10 is a schematic diagram of an electrode arrangement according to a fourth

embodiment of the invention;

Figure 11 is a schematic diagram of an electrode arrangement according to a fifth

embodiment of the invention;

Figure 12 is a cross sectional diagram of an electrode arrangement according to a sixth

embodiment of the invention;

Figure 13 is a schematic diagram of an electrode arrangement according to a sixth

embodiment of the invention;

Figure 14 is a schematic diagram of an electrode arrangement according to a seventh

embodiment of the invention; and

Figure 15 is a schematic diagram of an electrode arrangement according to an eighth

embodiment of the invention; and

Figure 16 is a schematic diagram of a treatment area showing the electrode arrangement

of Figure 14 disposed around a wound.



Description of the embodiments

Figure 1 is a partial cross sectional view of an electrode arrangement 10 placed on the
skin 60 of a human patient according to a first embodiment of the present invention.
The electrode arrangement comprises a flexible electrically non-conducting printed
circuit board 20 having a first surface 21 and a second surface 22 opposed to the first
surface, electrically non-conductive sealing gel 30, an electrode 40 for applying
electrical signals to the skin 60 when placed in contact with the skin and an electrically
conductive lead 50 for supplying electrical signals to the electrode 40. The electrode 40
is formed from partial etching of a layer of electrically conductive material, such as gold
plated copper, on the first surface 21 of the printed circuit board 20 and comprises
clectrically conductive tracks 41 with gaps there between. Electrically conductive gel 42
is placed in the gaps between the electrically conductive tracks 41 and over the surface
of the electrically conductive tracks 41. The electrically non-conductive gel 30 is
waterproof and is placed around the edges of the first surface 21 of the printed circuit
board 20 and around the electrically conductive lead 50 adhering the printed circuit
board 20 to the skin 60 preventing ingress of moisture such as sweat, urine or blood to
the electrode 40 and ingress of moisture to the connection between the electrically
conductive lead 50 and the electrode 40 which may lead to short circuits and other
undesirable effects. The components of the electrode arrangement are washable so that

they may be rcused if required.

Figure 2 is a schematic plan view of the electrode arrangement 10 showing the first
surface 21 of the printed circuit board 20. The electrically conductive tracks 41 arc
arranged in the form of a honeycomb mesh structure. The electrically conductive gel 42
is spread over the first surface 21 of the printed circuit board 20 into the gaps between
the electrically conductive tracks 41 thereby forming further electrically conductive
connections between the electrically conductive tracks 41, cnhancing electrical
conductivity across the surface of the electrode and providing a electrically conductive
path between the electrode 40 and the skin. The sealing gel 30 is placed on a
nonconductive portion 23 at the edges of the first surface 21 of the printed circuit board
20 in the form of a strip around the periphery of the printed circuit board 20. The

printed circuit board 20 is fabricated from a flexible polyester film. The combination of
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the honeycomb mesh pattern of electrically conductive tracks 41 and electrically
conductive gel 42, with the polyester film printed circuit board provides an electrode
arrangement which is flexible in a direction perpendicular to the plane of the electrode
arrangement. This flexibility allows the electrodes 40 to make good electrical contact
with the uneven or curvaceous surface of the skin when placed on the skin 60 with the
first surface 21 of the printed circuit board 20 placed facing the skin 60. Furthermore
this arrangement helps to eliminate hot spots resulting from uneven electrical-skin

contact.

It should be appreciated that the gaps between the electrically conductive tracks 41 need

only be sufficiently large to permit flexion of the printed circuit board.

Figure 3 is a partial cross sectional view of an electrode arrangement 100 placed on the
skin 160 of a patient according to a second embodiment of the invention comprising a
flexible electrically non-conducting printed circuit board 120 having a first surface 121
and a second surface 122 opposed to the first surface 121, a waterproof sealing pad 130
to prevent ingress of moisture to any exposed conductive elements of the electrode
arrangement, an electrode 140 for applying electrical signals to the skin when placed on
the skin, and a connector 150 for supplying electrical signals to the electrode 140. The
electrode 140 comprises electrically conductive elements 141 and flexible electrically
conductive links 142. Electrically conductive gel 143 is applied to the electrode 140 to
provide an electrically conductive path between the electrode 140 and the skin. The
sealing pad 130 is placed over the second surface 122 of the printed circuit board 120.
The outer edges 132 on one surface of the sealing pad 130 have adhesive properties and
the sealing pad is positioned such that the edges 132 of the sealing pad extend beyond
the edges of the printed circuit board 120 in all directions and adhere the printed circuit
board to the skin. The sealing pad 130 may be any type of waterproof adhesive material

of the kind generally used in medicine.

Figure 4 is a schematic plan view of the electrode arrangement 100 according to the
second embodiment of the invention showing the first surface 121 of the printed circuit
board 120. The electrically conductive elements 141 are square shaped and are etched

out of a layer of conductive material such as gold plated copper on the first surface 121
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of the printed circuit board 120 in a matrix. Flexible electrically conductive links 142
are disposed between some of the electrically conductive elements 141 to form a bi-
dimensional clectrically conductive path across a portion of the first surface 121 of the
printed circuit board 120. The printed circuit board 120 is fabricated from a polyester
film. The combination of the matrix of electrically conductive elements 141 and the
flexible electrically conductive links 143, with the polyester film printed circuit board
120 provides an electrode arrangement which is flexible in a direction perpendicular to
the plane of the elcctrode arrangement. Electrically conductive gel 143 is applied to the
electrode 140 to provide an electrically conductive path between the electrode and the
skin. Such an arrangement provides an electrode arrangement which makes good

contact with uneven surfaces such as the skin.

Although in this embodiment a polyester film is used as the printed circuit board, in

alternative embodiments any flexible PCB matcrial may be used.

Figure 5 is a schematic view of an electrode arrangement 200 according to a third
embodiment of the present invention. The electrode arrangement 200 comprises a
flexible electrically non-conducting printed circuit board 220 with an extended portion
255, an electrode 240 comprising a honeycomb mesh pattern of electrically conductive
tracks 241 and electrically conductive gel 242. Waterproof sealing gel 230 is placed
around the edges of the printed circuit board to provide a seal between the electrode
arrangement and skin preventing the ingress of moisture. The extended portion 255 of
the printed circuit board 220 carries a flexible electrical connector 250 which when
connected to an electrical current generator can carry current to the electrode 240. The
portion of the flexible electrical connector on the extended portion is electrically
insulated by an insulating layer on top of the flexible electrical connector 250. The
extended portion provides a flat lead to the clectrode which will not indent the skin of a
patient or cause discomfort and will not appear as a raised region or bulge when covered

with a bandage or other type of medical dressing.

Figure 6 is a schematic view of an area of treatment in which electrode arrangements
according to the third embodiment of the invention are placed around a wound 265 of a

human patient. Electrode arrangements 201 and 202 are placed on the skin on opposite
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sides of the wound 265 with the first surface of the printed circuit board of each
electrode arrangement arranged to face the skin. The edges of the printed circuit boards
of 201 and 202 on which adhesive sealing gel 231 and 232, respectively, is applied, are
pressed against the skin in order to adhere the electrode arrangement to the surface of
the skin. This arrangement creates a seal preventing the ingress of moisture to any
exposed conductive components of the electrode arrangements. The electrode
arrangements 201 and 202 are connected to an electrical generator circuit 280 via
connectors 251 and 252, respectively, which are provided on the extended portions of
printed circuit boards 201 and 202 respectively. Electrical signals generated by the
electrical generator 280 pass through the connectors 251 and 252 to electrodes 244 and
246, respectively. From the electrodes 244 and 246 pressed against the skin of the
patient, the electrical signals are administered to the skin of the patient around the
wound. Such an arrangement promotes wound healing by passing electrical current

between the electrodes through regenerative tissues under the wound.

Figure 7 is a schematic view of an area of treatment in which electrode arrangements
according to the first embodiment of the invention are placed around a wound.
Electrode arrangements 201, 202 and 203 are arranged around a wound 265. The first
surface of the printed circuit board of the electrode arrangements are arranged to face
the skin of the patient. The outer edges of the printed circuit boards of electrode
arrangements 201, 202 and 203 on which adhesive gel is applied is pressed against the
skin to seal the electrode arrangement to the skin and prevent the ingress of moisture to
any exposed conductive components. Connecting leads 251, 252 and 253 are connected
between an electrical generator circuit 2800 and to electrode arrangements 201, 202 and
203, respectively. Connector 251 supplies electrical signals from the electrode output
port 2014 of generator 2800 to electrode 244, electrical connector 252 supplies signals
from the electrode output port 2015 of generator 2800 to electrode 246 and electrical
connector 253 supplies signals from the electrode output port 2016 of generator 2800 to
electrode 248. Electrical current can therefore be applied between different electrodes,
thereby passing through different paths under the wound. For example, electrical current
may be applied to pass from electrode 244 to electrode 248 or from electrode 244 to
electrode 246. Furthermore, the direction of the current flow may be reversed so that

current flows from electrode 248 to clectrode 244, or from electrode 246 to electrode
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244 Alternatively, electrical current may be applied to pass from electrode 248 to
electrodes 244 and 246 simultaneously, or alternatively, to pass from electrodes 244 and
246 to electrode 248. It may be appreciated that it is possible to apply the current to

flow between many combinations of different electrodes.

Although, in this embodiment three clectrodes are used, any number of electrodes may
be placed around the wound to provide finer angular steps between electrode positions
and resulting in more complex current profile patterns across the area of treatment if
required. Current may be applied to flow between different electrodes simultaneously
or in a sequence depending on the treatment required. Furthermore, the electrical
generator 2800 may be programmed to provide a pre-determined sequence of current

profiles through different paths across the treatment area.

Figure 8 schematically illustrates the area of treatment of figure 7 covered by a bandage
290. Electrical generator 2800 is located outside the bandage 290 and attached to the leg
by adhesive medical tape 295. Electrical interface between the electrical generator 2800

and electrodes is made through connectors 251, 252 and 253.

A schematic diagram of an electrical generator circuit according to an embodiment of
the invention is shown in Figure 9A. The electrical generator circuit 1000 comprises a
battery 1002, a power control processor 1004, a voltage multiplier 1006, a
programmable current source 1008, a waveform processor 1010, a polarity switch 1012,
a user interface 1020, electrode ports 1014 and 1015. The device 1000 can be connected

to electrode arrangements through electrode ports 1014 and 1015.

Power control processor 1004 can activate the generation of current waveforms through
user interface 1020 or automatically at predetermined times. Battery 1002 is a lithium
coin cell type and runs the power control processor 1004 in low power mode. When

current is required, power is supplied to the voltage multiplier 1006.

In this embodiment voltage multiplier 1006 is a dc-dc converter and multiplies the input

voltage using a charge pump circuit. The charge pump circuit is power limited thereby
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providing a “fail-safe” operation. The voltage multiplier 1006 supplies a pumped

voltage to the waveform processor 1010 and the programmable current source 1008.

Waveform processor 1010 controls the programmable current source 1008 and controls
the polarity switch 1012. The programmable current source 1008 includes a feedback
loop with the waveform processor 1010. Waveform processor 1010 monitors the output

voltage between electrodes connected to electrode ports 1014 and 1015.

Programmable current source 1008 receives control signals from the waveform

processor 1010 and converts them into an appropriate output current waveform.

Polarity switch 1012 receives a control signal from the waveform processor 1010 and a
current signal from programmable current source 1008. The polarity switch 1012
supplies the generated current waveform to electrode ports 1014 and 1015. In this
embodiment polarity switch 1012 is a double pole change over switch utilising solid
state analogue switches to switch polarity of the outputs. The direction of the current

waveform applied between electrode ports 1014 and 1015 can thereby be switched.

The electrical generator circuit 1000 can be programmed to generate current waveforms
with different parameters and can control the frequency and duration of application of
current waveforms. This allows treatment of wounds to be tailored to individual patients
needs. Furthermore, the battery allows electrical signals to be generated for over 35

hours. The system is therefore suitable for long term treatments.

A further embodiment of a device for generating electrical waveforms is shown in
Figure 9B. In this embodiment the device 2000 comprises a polarity and connection
sequence switch 2012, a waveform and sequence processor 2010, a voltage multiplier
2006, a programmable current source 2008, a power control processor 2004, a battery
2002 and a plurality of electrode ports 2014, 2015 and 2016. The device 2000 can be
connected to electrode arrangements through electrode ports 2014, 2015 and 2016.

Power control processor 2004 operates in a similar fashion to power control processor

1004 of the previous embodiment.
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The waveform and sequence processor 2010 controls the programmable current source
2008 and the polarity and connection sequence switch 2012. Programmable current
source 2008 receives control signals from the waveform processor 2010 and converts

them into an appropriate output current waveform.

Polarity and connection switch 2012 receives a control signal from the waveform and
sequence processor 2010 and a current waveform signal from programmable current
source 2008. The polarity and connector switch supplies the current waveform to a pair
of appropriate electrode ports 2014 and 2015, 2014 and 2016, or 2015 and 2016 based
on the control signals received from the waveform and sequence processor 2010. The
current waveforms may also be applied to flow from two ports to one port or from one
port to two ports simultaneously. The polarity and connection switch 2012 uses solid
state analogue switches to switch the polarity of the current waveform and connect
different combinations of electrode ports to the programmable current source. This
arrangement allows the direction of the current to be switched and different

combinations of clectrode ports to be used.

Although in this embodiment the generator has only three electrode ports, any number

of ports may be used.

Figure 10 is a schematic view of an electrode arrangement 300 according to a fourth
embodiment of the invention. In this embodiment the electrodes are provided on one
common printed circuit board. The electrode arrangement 300 comprises a common
printed circuit board 320, three electrodes 344, 346 and 348 comprising a mesh
structure of conductive tracks and conductive gel on a first surface 321 of the printed
circuit board 320. Perforations 375 allow a portion of the substrate to be removed to
create an aperture 370 located in the central region of the printed circuit board 320. The
electrodes 344, 346 and 348 are arranged around the aperture 370. Each electrode is
electrically isolated from another electrode. Connectors 354, 356, and 358 provide
electrical signals to the electrodes 344, 346, and 348, respectively, when connected to
an electrical generator. A strip of waterproof, electrically non-conductive sealing gel

330 is disposed around the edges of the printed circuit board 320 to prevent the ingress
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of moisture into the electrode arrangement 300. An annulus of electrically non-
conducting gel 335 is disposed around the edges of the aperture 370. This arrangement
has the advantage that the electrodes are provided on a common substrate. As well as
being practical, since the electrodes are fixed on the substrate the relative position

between the electrodes will not change during an electrotherapy procedure.

Although in this embodiment the substrate is provided with three electrodes, it may be
appreciated that any number of electrodes may be provided on the surface to provide

finer angular steps of electrodes around a wound.

Although in this embodiment electrically non-conductive sealing gel is placed around
the edges of the aperture 370 and the edges of the printed circuit board, in alternative
embodiments the sealing gel may be placed around each electrode provided on the

substrate.

In alternative embodiments, the printed circuit board may already be provided with an

aperture.

Figure 11 is a schematic view of an electrode arrangement 400 according to a fifth
embodiment of the invention. The electrode arrangement comprises a substrate 420,
three electrodes 444, 446 and 448 provided on to first surface 421 of the substrate 420.
Each of the electrodes comprises electrically conductive tracks 441 and conductive gel
442. The substrate has an extended portion 455 carrying electrical connectors 454, 456
and 458. Electrical connectors 454, 456 and 458 are electrically isolated from one
another. Electrical connector 454 is connected to electrode 444, electrical connector
456 is connected to electrode 446 and electrical connector 458 is electrically connected
to electrode 448. The flexible substrate allows the electrodes 444, 446 and 448 to be

bent into a shape that can be placed around a wound.

Again, although in this embodiment three electrodes are provided on the substrate any

number of electrodes may be provided on the substrate.
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Figure 12 is a cross-sectional view of an electrode arrangement 500 according to a sixth
embodiment of the invention. The electrode arrangement 500 comprises a printed circuit
board 520 having a first surface 521 and a second surface 522 opposed to the first
surface, electrically non-conductive waterproof sealing pad 530, an electrode 540 for
applying electrical signals to the skin 560 when placed in contact with the skin and an
electrical generator circuit 580. The electrode 540 is provided on the first surface of the
printed circuit board 520 and comprises electrically conductive tracks 541 and
electrically conductive gel 542 to provide electrical conductivity across a portion of the
surface of the printed circuit board. The electrical generator circuit 580 is placed on the
second surface of the printed circuit board 520 and connector 552 provides an
electrically conductive connection between the electrical generator circuit 580 and
clectrode 540 through the printed circuit board 520. Electrical lead 550 can be used to
connect the electrode arrangement to another electrode arrangement. The scaling pad
530 is placed over the second surface of the printed circuit board 520. The outer edges
532 on one surface of the sealing pad 530 have adhesive properties and the sealing pad
530 is positioned such that the edges 532 of the sealing pad extend beyond the edges of
the printed circuit board 520 and adhere the electrode arrangement to the skin. Such an
arrangement prevents ingress of moisture such as sweat, urine or blood to the electrode
540 when the electrode arrangement 500 is placed on the skin and to the electrical
generator circuit 580 and the electrical connection between the electrical generator
circuit and the clectrical lead 550. The electrical generator 580 contains the circuitry
shown in Figure 9A and has a surface area small enough to fit on the back of the printed
circuit board. The thickness of the electrical generator 580 is approximately 6mm. The
small size of the electrical generator allows it to be easily integrated onto the printed

circuit board providing a small and compact electrode arrangement.

Figure 13 is a schematic view of the embodiment of the electrode arrangement 501
shown in Figure 12 connected to another electrode arrangement 502. Current from
electrical generator 580 is applied across electrode arrangements 501 and 502 through

connectors 550 and 552.

It may be appreciated that although in this embodiment electrical generator 580 is

connected to one other electrode arrangement it may be connected to any number of
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electrode arrangements to apply current between electrode arrangement 501 and any

number of electrode arrangements.

Figure 14 is a schematic view of a second side of an electrode arrangement according to
a seventh embodiment of the invention. The electrode arrangement 600 comprises a
common printed circuit board 620, three electrodes provided on to the first surface 621
of the printed circuit board 620 which are shown in the figure as dotted areas 644, 646
and 648. An aperture 670 is located in the central region of the printed circuit board
620. The electrodes 644, 646 and 648 are arranged around the aperture 670. Each
electrode is electrically isolated from another electrode. An electrical generator circuit
680 is provided on the second surface of the electrode arrangement 600. Connectors
654, 656, and 658 provide electrical signals from output ports 684, 686, and 688 of the
electrical generator circuit 680 to the electrodes 644, 646, and 648, respectively. An
annulus of electrically non-conductive sealing gel is disposed around the edges of the
aperture 670 on the first surface 621 of the electrode arrangement to prevent the ingress
of moisture into the electrode arrangement 600. A waterproof sticky plaster (not shown
in the figure) is placed over the second surface of the electrode arrangement to cover the
substrate 620 and the generator 680 sealing the electrode arrangement 600 to skin when
placed on the skin and preventing the ingress of moisture to any exposed components.
This arrangement has the advantage that the electrode arrangement is completely self
contained and does not need to be connected to an external electrical generator circuit.

Such an arrangement may be disposable after use.

Figure 15 is a partial schematic cross sectional view of an electrode arrangement 800
placed on the skin 860 of a patient according to an eighth embodiment of the present
invention. The electrode arrangement 800 comprises a layer of foam 820 having a first
surface 821 and a second surface 822 opposed to the first surface, an electrode 840 for
applying electrical signals to the skin 860 when placed in contact with the skin and an
electrically conductive lead 850 for supplying electrical signals to the electrode 840. A
layer of electrically insulating, waterproof, adhesive material 829 is disposed on the first
surface of the foam layer and adheres the electrode 840 to the foam layer 820 and
prevents the ingress of moisture from the foam layer 820 to the electrode 840.

Waterproof, electrical insulating, adhesive material is disposed on the outermost edges
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of the first surface 821 and around the electrically conductive lead 850, forming a seal
830 adhering the electrode arrangement to the skin and preventing the ingress of
moisture to any exposed conductive elements of the electrode arrangement. Such an
arrangement provides an electrode arrangement which is easy to apply and an overall
structure which remains effective for longer. In addition, the layer of foam absorbs

excess fluids from outside the electrode arrangement.

Figure 16 is a schematic view of an area of treatment on the leg of a patient in which an
electrode arrangement 700 of Figure 14 is placed around a wound 765 such that the

aperture 770 is placed over the wound 765.

Although in the above embodiments, the electrically conductive tracks or elements are
etched out of gold plated copper, it may be appreciated that they may be etched out of
any electrically conductive material. Furthermore, it may be appreciated that the
electrically conductive tracks are etched in the form of a honey comb mesh pattern, it
may be appreciated that any mesh or grid pattern or other any pattern of tracks allowing
flexibility of the electrode arrangement may be used. It may also be appreciated that any

type of flexible substrate may be used in place of a printed circuit board.

Although in figure 1, electrically non-conductive sealing gel placed around the edges of
the printed circuit board is used to seal the electrode arrangement to the skin, in other
embodiments a waterproof adhesive material may be placed over the second surface of

the printed surface board to adhere the electrode arrangement to the skin.

In alternative embodiments, the electrode arrangement of Figure 1 may include an
electrical generator on the second surface of the printed circuit board. The electrical
generator may be sealed by covering it with a waterproof sealing pad or alternatively the

generator may be contained within a sealed unit.

Although in the embodiment of figure 4, the electrically conductive elements are square

shaped , it should be appreciated that they may have any geometrical shape.
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Although in the embodiment of figure 5 electrically non-conductive sealing gel placed
around the edges of the printed circuit board is used to seal the electrode arrangement to
the skin, in other embodiments a waterproof adhesive material may be placed over the
second surface of the printed surface board to adhere the electrode arrangement to the

skin.

In alternative embodiments, the electrode arrangement of figure 5 may include an
electrical generator on the second surface of the printed circuit board. The electrical
generator may be sealed by covering it with a waterproof sealing pad or alternatively it

may be contained within a sealed unit.

It may be appreciated that the embodiments of electrode arrangements of figures 1 to 7

may be connected to any type of external electrical generator circuit providing current.

Although in figure 8, connectors 251, 252 and 253 protrude from the top of the bandage
for connection to the electrical generator, in alternative embodiments the connectors
may protrude from the bandage at any level of the bandage. Alternatively the treatment
area may not be bandaged. In further embodiments, the electrical generator may not be

attached to the leg.

Although in figure 12, electrical connection between the electrode and the electrical
generator is made by a connector through the printed circuit board, in alternative
embodiments electrical connection may be made between the electrode and the
electrical gencrator through a connector passing by the exterior of the printed circuit

board.

Although the embodiment of figure 15 has only one electrode, in alternative

embodiments, two or more electrodes may be provided on the foam layer.

The present invention has applicability for any animal but can be particularly used on

humans.
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Although the present invention has bcen described with reference to specific
embodiments, it will be apparent to a skilled person in the art that modifications lie

within the spirit and scope of the present invention.
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CLAIMS:

1. An electrode arrangement for applying electrical signals to skin of an animal
comprising:
a flexible electrically non-conductive substrate;
at least one electrode provided on a first surfacc of the substrate for
applying electrical signals to the skin when placed on the skin;
at least one connector connected to a respective clectrode for providing
electrical signals to the respective electrode; and
an electrically non-conductive sealing arrangement connected to the
substrate for sealing the substrate and the skin to prevent ingress of moisture to
said at least one electrode and to said at least one connector at the connection to

the respective electrode.

2. An electrode arrangement according to claim 1, wherein the electrically non-
conductive sealing arrangement is connected to a peripheral region of the substrate and

disposed around said at least one connector.

3. An electrode arrangement according to claim 1 or 2, wherein the sealing

arrangement comprises adhesive material for adhering the substrate and the skin.

4, An electrode arrangement according to any preceding claim, wherein the first
surface of the substrate includes a peripheral region where there is no electrode
provided and the adhesive material of the sealing arrangement is applied to said

peripheral region.

5. An electrode arrangement according to claim 1, wherein the sealing
arrangement is positioned over a second surface of the substrate opposed to said first

surface.

6. An electrode arrangement according to any preceding claim, wherein electrical

components are provided on the second surface of the substrate.
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7. An electrode arrangement according to any preceding claim, wherein the or each
electrode comprises a plurality of interconnected electrically conductive elements to
form a two-dimensional electrically conductive path across at least a portion of the first

surface of the substrate.

8. An electrode arrangement according to claim 7, wherein the plurality of
interconnected electrically conductive elements are arranged in a matrix to allow flexion

of the electrode arrangement.

9. An electrode arrangement according to claim 7, wherein the plurality of
interconnected electrically conductive elements are arranged in a mesh pattern to allow

flexion of the electrode arrangement.

10. An electrode arrangement according to any preceding claim, wherein
electrically conductive gel is provided on the or each electrode to provide an electrically

conductive path to the skin.

11.  Anelectrode arrangement according to any preccding claim, further comprising
an electrical generator circuit on the second surface of the substrate for applying current

to at least one electrode.

12.  An apparatus for treating a wound comprising the electrode arrangement of any
preceding claim and an electrical generator circuit for applying current to at least one

electrode via the respective at least one connector.

13.  An electrode arrangement according to claim 11 or 12, comprising at least three
electrodes and three connectors, wherein the electrical generator circuit is adapted to

switch current to flow between different electrodes of the at least three electrodes.



23
14.  An electrode arrangement according to any one of claims 11 to 13, wherein the
electrical current generator is adapted to switch the direction of the current between

electrodes.

15.  An electrode arrangement according to any preceding claim, wherein the

substrate comprises an extended portion on which the at least one connector is disposed.

16.  An electrode arrangement for applying electrical signals to skin of an animal,
comprising:
a flexible electrically non-conductive substrate; and
at least one electrode provided on a first surface of the substrate for
applying electrical signals to the skin when placed on the skin;
wherein the substrate includes an extended portion comprising at least
one electrically conductive region, the or each electrically conductive regions
being in electrical contact with a respective electrode to form a connector to

said electrode.

17.  An electrode arrangement according to claim 16, wherein the or each electrode
comprises a plurality of interconnected electrically conductive elements to form a two-
dimensional electrically conductive path across at least a portion of the first surface of

the substrate.

18.  An electrode arrangement according to claim 17, wherein the plurality of
interconnected electrically conductive elements are arranged in a matrix to allow flexion

of the electrode arrangement

19.  An electrode arrangement according to claim 17, wherein the plurality of
interconnected electrically conductive elements are arranged in a mesh pattern to allow

flexion of the electrode arrangement
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20. An clectrode arrangement according to any one of claims 16 to 19, wherein
electrically conductive gel is provided on the or each electrode to provide an electrically

conductive path to the skin.

21.  An electrode arrangement according to any one of claims 16 to 20, wherein

electrical components are provided on the second surface of the substrate.

22.  An electrode arrangement according to any one of claims 16 to 21, further
comprising an electrical generator circuit on a second surface of the substrate for
applying current to at least one said electrode via a respective at least one said

connector.

23.  An apparatus for treating a wound comprising the electrode arrangement of any
one of claims 16 to 22 and an electric generator circuit for applying current to at least

one said electrode via a respective at least one said connector.

24.  An electrode arrangement according to claim 22 or 23, comprising at least three
electrodes and three connectors, wherein the electric generator circuit is adapted to

switch current to flow between different electrodes of the at least three electrodes.

25.  An electrode arrangement according to any one of claims 22 to 24, wherein the
electrical generator circuit is adapted to switch the direction of the current between

electrodes.

26.  An electrode arrangement for applying electrical signals to skin of an animal
comprising:
a flexible electrically non-conductive substrate;
at least one electrode on a first surface of the substrate for applying
electric signals to the skin when placed on the skin; and
an clectrical generator circuit on a second surface of the said substrate
opposed to the first surface of said substrate to apply electrical signals to said at

least one electrode.
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27. An electrode arrangement according to claim 26, wherein the or each electrode
comprises a plurality of interconnected electrically conductive elements to form a two-
dimensional electrically conductive path across at least a portion of the first surface of

the substrate.

28.  An electrode arrangement according to claim 27, wherein the plurality of
interconnected electrically conductive elements are arranged in a matrix to allow flexion

of the electrode arrangement

29.  An electrode arrangement according to claim 27, wherein the plurality of
interconnected electrically conductive elements are arranged in a mesh pattern to allow

flexion of the electrode arrangement

30. An electrode arrangement according to any one of claims 26 to 29, wherein
electrically conductive gel is provided on the or each electrode to provide an electrically

conductive path to the skin.

31.  An electrode arrangement according to any one of claims 26 to 30, comprising
at least three electrodes, wherein the electric generator circuit is adapted to switch

current to flow between different electrodes of the at least three electrodes.

32.  An electrode arrangement according to any one of claims 26 to 31, wherein the
electrical generator circuit is adapted to switch the direction of the current between

electrodes.

33.  An electrode arrangement according to any one of claims 26 to 32 wherein the
electrical generator circuit comprises a waveform generator for generating current

waveforms across said electrodes.

34.  An electrode arrangement for applying electrical signals according to claim 33,

wherein the waveform generator is pre-programmed with one or more programs to



26
generate a pre-determined waveform or a pre-determined sequence of pre-determined

waveforms.

35. Anapparatus for treating a wound comprising:

a flexible electrically non-conductive substrate;

at least three electrodes on a first surface of the substrate for arranging
around the wound;

at least three connectors each connected to a respective electrode adapted
to allow current to flow to each of the at least three electrodes when connected
to a current generator; and

an electrical generator circuit for applying current to said connectors and

to switch current between pairs of elcctrodes.

36.  An apparatus according to claim 35, wherein the electrical generator circuit is

provided on a second surface of the substrate opposed to said first surface.

37.  An electrode arrangement according to claim 35 or 36, wherein said at least
three electrodes comprise a plurality of interconnected electrically conductive elements
to form a two-dimensional electrically conductive path across at least three portions of

the first surface of the substrate.

38.  An electrode arrangement according to claim 37, wherein the plurality of
interconnected electrically conductive elements are arranged in a matrix to allow flexion

of the electrode arrangement.

39.  An electrode arrangement according to claim 37, wherein the plurality of
interconnected electrically conductive elements are arranged in a mesh pattern to allow

flexion of the electrode arrangement.

40. An electrode arrangement according to any one of claims 35 to 39, wherein
electrically conductive gel is provided on cach of the said at least three electrodes to

provide an electrically conductive path to the skin.
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41.  An apparatus according to any one of claims 35 to 40, wherein the electrical
generator circuit is adapted to apply current to flow between different electrodes of the

at least three electrodes.

42.  An apparatus for treating a wound according to any one of claims 35 to 41,
wherein the electrical generator circuit is adapted to switch the direction of the current

between said electrodes.

43.  An apparatus for treating a wound according to any one of claims 35 to 42
wherein the electrical generator circuit comprises a waveform generator for generating

current waveforms across said electrodes.

44.  An apparatus for treating a wound according to claim 43, wherein the waveform
generator is pre-programmed with one or more programs to generate a pre-determined

waveform or a pre-determined sequence of pre-determined waveforms.

45. A method of treating a wound comprising:
placing at least three electrodes on the skin around the wound;
applying electrical current between electrodes of the at least three electrodes;
and
switching the current to flow between different electrodes of the at least three

electrodes.

46. A method according to claim 45, further comprising switching the direction of
the current flow between electrodes of the at least three electrodes to cause current to

change direction across the wound.

47. A method according to claim 45 or 46, wherein the current is switched at

periodic intervals to flow between different electrodes of the at least three electrodes.
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48. A method according to any one of claims 45 to 47, wherein the current is
switched to flow between different electrodes of the at least three electrodes in a pre-

determined cycle.

49. A method according to claim 47 or 48, wherein the cycle is repeated.

50. A method according to any one claims 45 to 49, wherein a predetermined

current waveform is applied across different clectrodes of said at least three electrodes.
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