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THIS INVENTION relates to a nerve stimulation
apparatus and method. It relates in particular to a nerve
stimulation apparatus and a method of controlling pain in
a human subject.

5 According to the invention there is provided a
nerve stimulation apparatus which includes
a waveform generator capable.of generating a waveform
comprising a. sequence of pulses: having parameters as
follows, a repetition rate of 150 to 200 Hz, a pulse width
10 of 0,8 to 1,2 ms, a pulse decay which is exponential, an
amplitude of between 40 to 60 volts with a negative DC off-
set, and an output current of 0,01 to 10 mA; and
a controller connected to the waveform generator for
controllably varying at least one of the parameters.

15 ' The apparatus may include a pulse signal circuit
for generating a pulsed input signal. The waveform
generator may then include

current regulating means responsive to the pulsed input
signal and operable to regulate an output of the waveform

20 generator in sympathy with the pulsed input signal; and

a voltage source connectable by a series connection
with the current regulating means, the series connection
being provided by a load connected to output terminals of
the apparatus in use.

25 The voltage source may have voltage off-~set means
operable to adjust the negative DC off-set of the waveform
so that each pulse has a positive peak of 10 to 600 mV.

The controller may include signal generating means
for generating a current control signal, the current
30 regulating means being responsive to the current control
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he voltage source may include a switching circuit
which comprises ‘

a high frequency oscillator for generating a high
frequency output signal;

a coil connected to an output of the high frequency
oscillator and to which the high frequency output signal is
applied in use;. and '

rectifier means connected to the coil and arranged to
rectify the high frequency output signél to provide a
rectified output voltage at an output of the voltage source.

The voltage source may further include a feedback
circuit operable to increase the frequency of the high
frequency oscillator upon a decrease in an RMS value of the
rectified output voltage of the voltage source thereby to
maintain a constant rectified outpuﬁ voltage at the output
of the voltage source.

The controller may include a microprocessor having
software for controlling the waveform generator. The
controller may also include a frequency to voltage converter
connected to the microprocessor and operable to convert a
frequency dependent signal, which is sourced from the
microprocessof and representative of a desired output
current, 'Eo a {roltage dependent signal which is fed into the
waveform generator thereby to control the output current of
the waveform generator. The controller may include
frequency selection means whereby the repetition rate of the
waveform may be selected. The frequency selection means may
be by means of 1links or switcdhes hardwired to the
controller. The frequency selection means may also operate
in conjunction with software programmed into the controller.

The controller may include timing means operable
to interrupt application of the waveform after a preselected
time period. The timing means méy have selection means for
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nicroprocessor based controller the timing means may be

implemented by software programmed into the controller.

The'apﬁaratus may include input means, e.g. in the

5 form of a keypad connected to the controller, for inputting

data into the controller, e.g. to select the time period

provided by the timing means, a desired current level, and

so on. ,

' The apparatus may include display means for

10 displaying magnitude of the output current of the waveform.

During operation, the timing means may also be arranged to

display the duration of operation-of the apparatus via the
display means. ' :

The invention extends also to a method of

15 controlling pain in a human subject, which includes

generating a waveform comprising a sequence of pulses having

parameters as follows, a repetition rate of 150 to 200 Hz,

a pulse width of 0,8 to 1,2 ms, a pulse decay which is

exponential, an amplitude of between 40 and 60 volts with

20 a negative DC off-set, and an output current of 0,01 to 10
mA; and applying the waveform to the human subject.

An embodiment of the invention is now described,
by way of example, with reference to  the accompanying

diagrammatic drawings.

25 In the drawings,

Figure 1 shows a schematic block diagram of a
nerve stimulation apparatus in accordance with the
invention; '

Figure 2 shows a front elevation of a control

30 panel of the apparatus of Figure 1;

Figure 3 shows a schematic circuit diagram of a
display.unit used in the apparatus of Figure 1;

Figure 4 shows a time domain representation of the
waveform generated by the apparatus of Figure 1 (which is

35 not to scale);
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Figure 6 shows a schematic circuit diagram of a
microprocessor based controller used to control the waveform

5 generator of Figure 5.

Referring to Figure 1, reference numeral 10
generally indicates a nerve stimulation apparatus primarily
intended for use in a method of treatment of and controlling
pain in a human subject. The apparatus 10 includes a

10 microprocessor based controller 12, a waveform generator 14,
a display unit 16, and a power supply unit 18.

Tﬁe waveform generatdr 14 generates a seqﬁence of
generally square pulses 20, the preferred form of which is
shown in Figure 4. The waveform has been selected to

15 simulate the so-called human nerve action potential which
it is believed is a naturally occurring nerve impulse
substantially similar to that shown in Figure 4. The pulses
20 are emitted from output terminals 22, 24 of the waveform.
generator 14.

20 Generally, as shown in Figure 4, each pulse 20 has
an amplitude 20.1 of about 40 volts to about 60 volts,
preferably about 46 volts, with a negative DC off-set so
that each pulée commences from a negative level of close to
about ‘—40 volts t-6 ~60 volts. A leading edge of the pulse

25 rises steeply. Each pulse 20 has a positive peak 26.2 of
about +10 mV to about +600 mV, preferably about 500 mV, and
has a pulse width 20.3 of about 0.8 ms to about 1.2 ms,
preferably about 1 ms. The repetition rate of the pulses
20 is between 150 Hz and 200 Hz, preferably about 150 Hz.

30 The pulses 20 have a constant current output which is
adjustably variable between 0,01 mA and about 10 mA. After
remaining at its peak at a substantially constant amplitude
for about 0.2 ms, the pulse decays exponentially as shown.

The duration of the exponential decay is up to about 1 ms.

———— .
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the pulse 20. The output current is determined by the
controller 12 which in turn controls the waveform generator
14 via the bus 28. The selected system parameters are then
displayed by the display unit 16, as described below.

The output terminals 22, 24 of the waveform
generator 14 are connected to electrode pads (not shown)
which are operatively applied to the skin of a person and
which are preferablyiin the form.of plasma covered metal
foil. An output current fed to the electrodes is also fed
via lines 30 into the display unit 16 which has a ligquid
crystal display 32 for displaying the anmplitude of the
output current.

The power supply unit 18 is fed with a 9 Vv
regulated power signal via a supplementary power supply 19.
The supplementary power supply 19 has a _step' down
transformer 19.1 which has a primary winding connected to
a mains 1line and a secondary winding connected to a
rectifier 19.2. An output of the rectifier 19.2 is fed via
a 9 V voltage regulator 19.3 into the power supply unit 18.

The power supply unit 18 provides power té the
display unit 16, the pulse generator 14, and the contréller
12 via a power supply bus 34. The bus 34 is a bi-
directional bus thereby to enable the controller 12 to
switch itseif off after a preselected time period has
lapsed. The time period is selected by entering via the
keypad 26.

Referring to Figure 2, reference numeral 40
generally indicates a control panei on which various
membrane switches 42 to 52 of the keypad 26 are mounted.
The switch 42 1is an on/off switch for switching the

AR
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switches 44 and 46 which, respectively, increase and
5 decrease the output current upon actuation. The display 32
displays the output current from the waveform generator 14
thereby enabling an operator to monitor <the current

magnitude in use.

The switches 48 and 50 are used to select duration

10 of operation of the apparatus. Switch 48 is a ten minute
time period selector which, upon'agtuation, illuminates an

LED 49 and provides a ten minute input signal to the
controller 12. Likewise, upon actuation of the switch 50

a five minute ﬁiming signal is provided to the controller

15 12 and an LED 51 is illuminated. The switch 52 is a
start/reset'switch.which, upon actuation, illuminates an LED

53 and provides a start/reset signal to the controller 12.

A bar grapﬁ display 56, fofmed by a plurality of stacked
LED’s, indicates the progression of the selected time by

20 displaying the time remaining of the initial time period

selected.

The waveform generator 14 has current regulating
circuitry 60 (Figure 5) which regulates the output current
of the waveform generator 14, and a voltage source 62 which

25 is operatively connected in series with +the current
regulating circuitry 60. The series connection between the
current regulating circuitry 60 and the voltage source 62

'is provided in use by a patient’s body.

The current regﬁlating circuitry 60 includes a

30 driver circuit 67, a Darlington transistor configuration 66
and current adjustment circuitry 68. A pulsed input signal

is fed into the driver circuit 67 via a line 69 from the
controller 12. The pulsed input signal is then fed into the
transistor conflguratlon 66 via a line 70 thereby regulatlng
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The degree of negative off-set and the amplitude

of the positive peak 20.2 relative to zero volts of the

5 waveform shown in Figure 4 and emitted from the output

terminals 22, 24 is consegquent upon the current flowing in

an emitter resistor 75 and the saturation voltage of the

transistor configuration 66 which provides the negative off-

set to the waveform. The degree of off-set and the level

10 of the positive peak 20.2 varies depending upon the amount

of current drawn by the load. The exponential decay of the

pulse is provided by a capacitor 66.1 so that each pulse is.

fully discharged into the patient from the terminals 22, 24.

It will be noted that neither of the terminals 22, 24 is

15 earthed-so that the patient’s body is in a floating series
configuration with the apparatus.

A current control signal from the controller 12
is fed via a line 72 to a differential amplifier 74 of the
current adjustment circuitry 68. An output from the

20 differential amplifier 74 is fed via a line 78 to the
' transistor configuration 66 which controls the output
current on the output'terminals 22, 24.

The voltage source 62 includes a high frequency

oscillator 73 implemented by sub-components of an integrated

25 circuit 76 and associated circuitry, a coil 79 to which the
high frequency output signal is applied, and a rectifier 81
connected to the coil 79, which rectifies the high frequency
signal providing a rectified DC output voltage on line 80.
Smoothing .capacitors 82 are provided to improve regulation.

30 The voltage source 62 includes a feedback circuit
77 which is connected intermediate the output of the voltage
source 62 and. the high frequency oscillator 73. The
feedback circuit 77. increases the frequency of the
oscillator 73 upon a decrease in the RMS value of the output

35 voltage on line 80 thereby to maintain the RMS value of the
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output from the differential ampllfler 86 1is fed into a
flip-flop 83 and switching circuitry of the integrated
circuit 76.

The waveform generator 14 also has power supply
circuitry 88 which provides a 6 V regulated output to its
various components.

Figure 6 shows a schematic circuit diagram of the
controller 12 which controls the operation of the apparatus
10. The controller 12 comprises a microprocessor 90,
typically an (OTP) 87CS51 microprocessor, connected to the
switches 42 to 52, a frequency to voltage converter 92, the
display 56 for indicating the progression of time, a buzzer
94 and power cut-off circuitry 96. Timing means which is
implemented'by the microprocessor 90 and software loaded
therein, disables the waveform generator 14 after a
preselected time period via the bi-directional bus 34. The
buzzer 94 is actuated upon the lapsing of the preselected
time period thereby indicating that the time period selected
has expired.. The power cut-off circuitry 96 includes a
relay 98 which is configured to interrupt power to the
apparatus 10.

The switches 42 to 52 of tﬁe keypad 26 are
connected to a first input/output port 90.1 of the
microprocessor 90. Second and third input/output ports 90.2
and 90.3 are connected to and drive the display 56. The
LEDs 49, 51 and 53 which respectively indicate the selection
of the ten minute and five minute time period, and the
start/reset condition correspond with those shown in Figure
2.

The microprocessér 90 generates the pulsed input
signal at the port 90.3 which is then fed into the driver
circuit 67_(Figg£g_5) via line 69. A port 90.4 is used to
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reference to the acconpanyi ng di agranmatic dramﬁngs 25 DI e -1'n the
drawi ngs, Figure 1 shows a schematic bIock dlagran1of a‘nerve_stfﬂﬁkatlon
apparatus in accordance with the i nverti® Figure 2 shows a front
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of Figure 1$i§hgmrehﬂchhomn_Gurnrmﬂak&mmxneepﬂssemmaﬁﬂhian:naue of the
pulse 20. The controller 12 has a plurality of frequency
selection means in the form of links or jumpers 71 which are
5 connected to the port 90.4. Each pérticular jumper 71, when
located in position, selects a predetermined frequency at
which the pulse 20 is applied to the load via the output
terminals 22, 24.

The microprocessor 90 provides a frequency

10 dependent current control output signal on line 100, which

is representative of a current selected by means of the

current up switch 44 and the current down switch 46. . A

higher frequency 100 is repreéentative of a higher current

and a lower fregquency is representative of a lower current.

15 The current control signal on line 100 is fed into the

frequency to'voltage converter 92 which converts the signal

to a voltage dependent signal on line 102. The voltage

dependent signal on line 102 is then fed into the waveform

generator 14 via 1line 72 (Figure §5). The controller 12

20 further includes a power supply 104 to provide a regulated
5 V output to the microprocessor 90.

Figure 3 shows a schematic circuit diagram of the

display unit 16 used in the apparatus 10. The display unit

16 comprises the liquid crystal display 32, a display driver

25 106, typically an ICL 7106, and associated circuitry. As

shown in Figure 5, a transistor 108 is connected in series

between the output terminal 24 and the voltage source 62.

A second transistor 110, which has the same base current as

the transistor 108, provides a signal on line 112 which is

30 representative of the output current flowing from the

apparatus 10. The signal on line 112 (Figure 5) is fed via
line 114 (Figure 3) into the display unit 16.

The Applicant believes that the pulse 20 generated

by the apparatus 10 is particularly effective in

35 electrotherapy. When the apparatus 10 is operative and the
electrodes connected to output terminals 22, 24 are secured
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wavef orm generated by the Apparatus of Figure 1 (which islaﬁﬂﬂ@t +4:0.:.56ale)

4 Figure 5 shows a.schematic circuit diagramof a mavefor generator used'
in the apparatus of Figure 1; and FiguLe(? shows a schenbtie=eir ettt wmme
di agram of a m croprocessor based controlfer used to control the maveforn15

generat or Of iy &1 n RSF & %é‘@léﬁt':' gUffeht ﬁ:%@&eﬁ!ﬁetﬂlé”%ﬁ'y Bt the
patient via the electrodes The applicant belleves that the

current flow with the specific parameters selected has a
benefieial effect on the neurons and biochemical functions
5 of the body of the patient by stimulating nerve fibres or
axons by lowering the membrane potentials of the axons. It
is believed that axons inherently have the necessary energy
to produce the eo—called action potential and application
of the Figure 4 waveform triggers the axons into action.

10 The Applicant believes that application of the
pulsed waveform 20 of Figure 4 causes depolarization of the
nerve fibres -in the human body provided that the strength
and duration of the pulsed waveform are of sufficient
magnitude. Because the pulse shown in Figure 4 has a

15 negative off-set relative to zero volts as shown rather than
being a symmetrical pulse relative to zero volts or being
a predominantly positive pulse relative to zero volts, the
Applicant believes that this gives rise to a greater
hypopolarizing effect on the nerve fibres and thus the pulse

20 20 generated by the apparatus 10 is particularly effective
in electrotherapy.

It is believed that the low-fregquency pulse 20
produces synchronous depolarization of the nerve fibres.
Thus, after the pulse 20 is applied to the skin of the human

25 body via the electrodes, nerve fibres, not only close to the
skin but also remote from the skin, gradually becomne
depolarized. The effect of this depolarization is a
reduction in pain and it relaxes the patient and improves
the blood circulation of the patient.

30 The Applicant further believes that stimulation
of thick afferent nerve fibres in the body has an inhibiting
or blocking effect on the activity of thin afferent nerve
fibres, and consequently pain perception is diminished. 1In
addition to reducing pain by stimulation of the thick nerve

35 fibres, normalization of the neuro-vegetative balance

occurs. This means a damping of the orthosympathetic
T
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waveform comprising a sequence of pulses (20) characterised
in that the pulses (20) have parameters as follows, a
repetition rate of 150 to 200 Hz, a pulse width of 0,8 to
1,2 ms, a pulse decay which is éxponential, an amplitude of
between 40 to 60 volts with a negative DC off-set, and an
output current of 0,01 to 10 mA; and

a controller (12) connected to the waveform generator
(14) for controllably varying at least one of the

parameters.

2. - An apparatus as claimed in claim 1, characterised
in that it includes a pulse signal circuit (90) for
generating a pulsed input signal and in that the waveform
generator (14) includes

current regulating means (60) responsive to the pulsed

" input signal and operable to regulate an output of the

waveform generator (14) in sympathy with the pulsed input
signal; and

a voltage source (62) connectable by a series
connection with the current regulating means (60), the
series connectlon being provided by a load connected to
output terminals (22, 24) of the apparatus in use.

3. An apparatus as claimed in claim 2, characterised
in that the voltage source (62) has voltage off-set means
(75) operable to adjust the negative DC off-set of the
waveform so that each pulse (20) has a positive peak (20.2)
of 10 to 600 mV. '

4. An apparatus as claimed in claim 2 or claim 3,
characterised in that the controller (12) includes signal
generating means (90,92) for generating a current control
signal, the current regulating means (60) being responsive
to the current control signal thereby to vary the output

current from the waveform generator (14). e

[
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source (62) includes a switching circuit which comprises
a’high frequency oscillator (73) for generating a high
frequency output signal;

a coil (79) connected to an output of the high

frequency oscillator (73) and to which the high frequency
output signal is applied in use; and

rectifier means (81) connected to the coil (79) and
arranged to rectify the high frequency output signal to
provide a rectified output voltage at an output of the
voltage source (62).

6. An apparatus as claimed inlclaim 5, characterised
in that the voltage source (62) includes a feedback circuit
(77) operable to increase the frequency of the high
frequency oscillator (73) upon a decrease in an RMS value

of the rectified output voltage of the voltage source (62)

thereby to maintain a constant rectified output voltage at
the output of the wvoltage source (62).

7. An apparatus as claimed in any one of the
preceding claims, characterised in that the controller (12)
includes timing means (90) operable to interrupt application
of the waveform after a preselected time period and
selection means (48, 50) for selecting the time period.

8. An apparatus as claimed in any one of the
preceding claims, characterised in that the controller (12)
includes a microprocessor (90) having software for
controlling the waveform generator (14), and a frequency to
voltage converter (92) connected to the microprocessor (90)
and operable to convert a frequency dependent signal, which
is sourced from the microprocessor (90) and representative
of a desired output current, to a voltage dependent signal
which is fed into the waveform genérator (14) thereby to
control the output current of the waveform generator (14).

“ﬁli’iiﬁ ri‘ii:ﬁﬁi"lim i
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¢ont roI l.er oI s the wavef orm generat or 174”3@84 phe,,:fiqr
28. The sel ectﬁmﬂﬂl “ﬂ“mmmm s are then displayed by t )t

16, as descri bed belowt The butput termqpals 22, 24 of the :
generator 14 are connected to el ectrode pads (not shown) which are

operativel ypapplied tAntappakihtuef ag @Eéiﬁédaﬁld ghath 8 ecnaedeeablgedn the

form of plgﬁqa er tal foil out rent fe tho, the eI r odes
is also fe a%l%?{-'neggisg‘;’lcﬁltpé%%elaﬁg al‘fr‘ﬁt Jz.g?WhI C ]grﬁ%%tagl | qU| ﬁﬂ
crystal di spPayra2lesr dix)pl aferg Itl‘rmﬂa‘m;ihgtd@é:aoflmm thepueonttrekher The
power supply;spnit 18 is fed with a 9 V

5 10. A method of controlling pain in a human subject,
which includes generating a waveform comprising a seqﬁence
of pulses (20) characterised in that the pulses (20) have
parameters as follows, a repetition rate of 150 to 200 Hz,
a pulsé width of 0,8 to 1,2 ms, a pulse decay which is

10 exponential, an amplitude of between 40 and 60 volts with
a negative DC off-set, and an output current of 0,01 to 10
mA; and applying the waveform to“the human subject.
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regul ated power signal via a supplenentary power supply 19"The ________

suppl enentary power supply 19 has a step down 20 t ransf or mer K93 & mhlggcr;:ﬁ
has a primary w nding connected to a nﬁbns line and a secondary WERdENSr N ?
connected to a rectifier 19.2. An outpdt of the rectifier 19.2° T'§Fed=via. a..
9 V voltage regulator 19.3 into the power supply unit 18. The power supply
unit 18 provi des power to the 25 gigspl mR AnctT 16, the pulse generator 14,
and the controller 12 via a power supply bus 34. The bus 34 is a bi-
directional bus thereby to enable the controller 12 to switch itself off

after a presel ected time \paghog s BRbararlze AkbMETREDI 00 i's sel ected by

entering via the

A nerve stimulation apparatus includes a waveform
generator (14) capable of generating a waveform comprising
a sequence of pulses (20), and a controller (12). The
5 pulses (20) have parameters as follows, a repetition rate
of 150 to 200 Hz, a pulse width of 0,8 to 1,2 ms, a pulse
decay which is exponential, an amplitude of between 40 to
60 volts with a negative DC off-set, and an output current
of 0,01 to 10 mA. The controller (12) controllably varies
10 the parameters of the pulse generator A method ' of
controlling pain in a human subject includes applying the

waveform to the human subject.

T liu



30 keypad 26. Referring to Figure 2, reference nuneral 40 generally

I ndi cates a control panel on mg' various nenbrane switches 42 to 52 of
the keypad 26 are nounted. The switch 42 is an on/off swtch'for’ SWE Chi-rrg: e
t he apparatus 10 on and off and an LED 54 is illum nated when ‘th o B
apparatus 10 is smnkche on. In use, the controller 12 is respon5|¢

swi tches 44 and 46 r¢spectively, increase and ?
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5 decrease thé output current upon actuation.
output- current fromthe mavefoﬁhfZEnerator

to nonitor the current magnitude in use.
sel ect duration 10 of operation of the apparatus.
m nute tine period selector which, upon actuation, il
and provides a ten mnute input signal to the control
actuation of the switch 50 a five mnute timng signa

14 thereby enabl i ng
The switches 48 and EO
Switch 48lli

The display 32 displays_the

AN opeLat o
bRl

S a-tep

um nates an LED 49

controller 15 12 and an[CED 51 1s |Ilun1nated The
start/reset swtch which|{ up Ctu L irrumn
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53 and provides a start/reset si to the controller 12;=Abar-graph—
di splay 56, formed by a plurality’of stacked LED s, i ndi cat &% Hig-=7 HAS BiT™
progression of the selected time by 20 displaying the tinmd remai'®fho"6P the
initial tine period selected. The wavef orm generator 14 hds cUrreéent o
regulating circuitry 60 (Figure 5) which regul ates the output current of
the wavef orm generator 14, and a voltage sogfce 62 which 25 is

operatively connected in series wth tEa current regulating circuitry
60. The series connection between the currenf regulating circuitry 60 and

the voltage source 62 is provided in use by p patient's body.
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The current regulatlng circuitry éﬁ/&hcludes a 30 driver circuit 67, a
Darlington transistor configuration 66 and current adj ustment circuitry 68.
A pul sed input signal is fed into the driver circuit 67 via a line 69 from

the controller 12. The pul sed input signal

is then fed into the transi stor

configuration 66 via a |line 70 thereby regul ating t he out put waveformin
synpathy with a | evel of the pulsed input signal. The degr®ee of negative

of f-set and the anplitude
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of the positive peak 20.2 relative to zé%ééholts of the 5 waveform shown in
Figure 4 and emtted fromthe output termnals 22, 24 is con
the current flowing in an emtter resistor 75 and the saturat
the transistor configuration 66 which provides the negative
t he waveform The degree of off-set and the I evel 10 of the positi
20. 2 varies dependi ng upon the ambunt of current drawn by the |oad. The

exponenti al decay of the pulse is provided by a capacitor 66.1 so that each
pulse is fully discharged into the patient fromthe termnals 22, 24. It

will be noted that ngither of termnals 22, 24 is 15 earthed so that
the patient's bofly ig in a fldativg series ® <
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configuration Wit h the apparatus. A"current control 5|gnal fl]

controller 12 is fed via aline 72 to a differenti al anpllflerHﬁﬁsﬁﬂeﬁﬂyﬁ;BE !

current adjustnent circuitry 68. An output fromthe 20 d er efEPpAc: EN |

anplifier 74 is fed via a line 78 to the transistor configuratio

controls the output curr igéUhﬂdBe output terminals 22, 24. The voltage
r

source 62 includes a hig dficy oscillator 73 |nplenented by
sub- conponents of an i A 25 circuit 76 and associated circuitry, a

coil 79 to which the hi y output signal is applied, and a

rectifier 81 connécted @mﬁﬁ il 79, which rectifies the hjgh frequency
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“VQItage source 62 includes a feedback circuit 77 whi
i nternmedi ate the output of the voltage sourke 62 and

oscillator 73.

10

15

20

25

30

_ The feedback circuit 77 increases the frequency of the'-
oscillator 73 upon a decrease in the RVS value of the output 35 voltage

line 80 thereby to maintgiphye STAMOIARBR APPARRTUS ANIS-METHOD

THIS INVENTION relates to a nerve stimulation
apparatus and method. It relates in particular to a nerve
stimulation apparatus and a method of controlling pain in
a human subject.

According to the invention there is provided a
nerve stimulation apparatus which includes

on

a waveform generator capable of generating a wavefornm .

comprising ‘a sequence of pulses. having parametefs as
follows, a repetition rate of 150 to 200 Hz, a pulse width
of 0,8 to 1,2 ms, a pulse decay which is exponential, an
amplitude of between 40 to 60 volts with a negative DC off-
set, and an output current of 0,01 to 10 mA; and

a controller connected to the waveform generator for
controllably varying at least one of the parameters.

The apparatus may include a pulse signal circuit
for generating a pulsed input signal. The waveform
generator may then include

current regulating means responsive to the pulsed input
signal and operable to regulate an output of the waveform
generatof in sympathy with the pulsed input signal; and

a voltage source connectable by a series connection
with the current regulating means, the series connection
being prov1ded by a load connected to output terminals of
the apparatus in use.

The vultage source may have voltage off-set means
operable to adjust the negative DC off-set of the waveform
so that each pulse has a positive peak of 10 to 600 mV.

The controller may include signal generating means
for generating a current control signal, the current
regulating means being responsive to the current control



R S
out put voltage at a constant level, The feedback circuit: 77 ’i.-"hé'I""ine'c{%\?ﬁ
feedback path 84 to feed back the output voltage on line 80 tg@ J\%\_
ditfferential anplifier 86. An output fromthe different]al:-anpl1Tier.86--"
is fed into a5 flip-flop 83 and switching gircuitry of the-integrated
circuit 76. The waveform generator 14 al so has power supply circuitry 88
whi ch provi des asigndl ebelrabgdtouvaity tiHe icdutpudl tadBe O MPORE e wh¥eform
Figure 6 shows gqeﬁfélea%trl c circuit diagramof the controller 12 which

a
90

controls the op i'on of the apparatus 10. The controller 12 conprises a
m cr opr ocessor

The voltage source may include a switching circuit
which comprises
5 a high frequency oscillator for generating a high
frequency output signal; '

a coil connected to an output of the high frequency
oscillator and to which the high fregquency output signal is
applied in use; and

10 rectifier means connected to the coil and arranged to
rectify the high frequency output signal to provide a
rectified output voltage at an output of the voltage source.

The voltage source may further include a feedback
circuit operable to increase the frequency of the high
15 frequency oscillator upon a decrease in an RMS value of the
rectified output voltage of the voltage source thereby to
maintain a constant rectified output voltage at the output

of the voltage source.

The controller'may include a microprocessor having

20 software for controlling the waveform generator. The
controller may also include a frequency to voltagé converter
connected to the microprocessor and operable to convert a

- fregquency dependent signal, which is sourced from the
microprocessor and representative of a desired output

25 current, to a voltage dependent signal which is fed into the
waveform generator thereby to control the output current of

the waveform generator. The controller may include
frequency selection means whereby the repetition rate of the
waveform may be selected. The frequency selection means may

30 be by means of 1links or switches hardwired to the
controller. The frequency selection means may also operate

in conjunction with software programmed into the controller.

The controller may include timing means operable
to interrupt application of the waveform after a preselected
35 time period. The timing means may have selection means for



typically an (OTP) 87C51 microprocessor, connected to the smﬁfdﬁeg 42~t “7
52, a frequency to voltage converter 92, the 15 display 56 for 3&

t e progression of time, a buzzer 94 and power cut-off CP#ﬁtht§

means which is inplenented by the m croprodessor 90 and softmaré“Fbaded«i
therein, disables the waveform generator 14 after a preselected tine perlod
via the bi-direeleghingpushesstinge perbedrer Yheps Baeymatngiden hds a

| apsi ng of themﬂé?éﬁf&&éggoi'l AR | SshtFeTI By tAdi Gaitr ity tHahnhealy NBe
period sel ected h S ex wer cut ofé circuitry 96 |nflu es a

Pl e on uns oripBienerRet Bl sotbunbe BreTHamRLe | ShEeobhd faont

The apparatus may include input means, e.g. in the
5§ form of a keypad connected to the controller, for inputting
data into the controller, e.g. to select the time period
provided by the timing means, a desired current level, and
so on. '
The apparatus may include display means for
10 displaying maghitude of the output current of the waveform.
During operation, the timing means may also be arranged to
display the duration of operation of the apparatus via the
display means.

The invention extends also to a method of

15 controlling pain in a human subject, which includes

generating a wavefornm comprising a sequence of pulses having

parameters as follows, a repetition rate of 150 to 200 Hz,

a pulse width of 0,8 to 1,2 ms, a pulse decay which is

exponentiél, an amplitude of between 40 and 60 volts with

20 a negative DC off-set, and an output current of 0,01 to 10
mA; and applying the waveform to the human subject.

An embodiment of the invention is now described,
by way of example, with reference to the accompanying
diagrammatic drawings.

25 In the drawings,

Figure 1 shows a schematic block diagram of a
nerve stimulation apparatus in accordance with the
invention;

_ Figure 2 shows a front elevation of a control
30 panel of the apparatus of Figure 1;

Figure 3 shows a schematic circuit diagram of a
display unit used in the apparatus of Figure 1;

Figure 4 shows a time domain representation of the
waveform generated by the apparatus of Figure 1 (which is

35 not to scale);



25 The switches 42 to 52 of the keypad 26 ard {
first input/output port 90.1 of the m croprocessor 90. Sgfon d’t %9 _
i Nput/output ports 90.2 and 90.3 are connected to and dri alghe dSSdmb

The LEDs 49, 51 and 53 which respectively #ndicate the s -on 306~ Lhe
ten minute and five minute time period, and the start/reset condition
correspond with those shHovgure ¥ighees2a spheppticprdreydsr ddagyameras &

t he pul sed i nppivest il éﬁeﬁi\%ﬁ%ée@olﬁm%ﬁa%éﬂw deFiqle the dger

35 circuit 67 (Flgure £ via line 69. A port 90.4.is ysed.to
gure 6 shows a schematic circuit dlagram of a

9%ge§ Ered

microprocessor based controller used to control the waveform
5 generator of Figure 5.

Referring to Figure 1, reference numeral 10
generally indicates a nerve stimulation apparatus primarily
intended for use in a method of treatment of and controlling
pain in a human subject. The apparatus 10 includes a

10 microprocessor based controllér 12, a waveform generator 14,
a display unit 16, and a power. supply unit 18.

. The waveform generator 14 generates a seguence of
generally squafe pulses 20, the preferred form of which is
shown in Figure 4. The waveform has been selected to

15 éimulate the so-called human nerve action potential which
it is believed is a naturally occurring nerve impulse
substantially similar to that shown in Figure 4. The pulses
20 are emitted from output terminals 22, 24 of the waveform
generator 14.

20 Generally, as shown in Figure 4, each pulse 20 has
an amplitude 20.1 of about 40 volts to about 60 volts,
preferably about 46 volts, with a negative DC off-set so
that each pulse commences from a negative ievel of close to
about =40 volts to -60 volts. A leading edge of the pﬁlse

25 rises steeply. Each pulse 20 has a positive peak 20.2 of
about +10 mV to about +600 mV, preferably about 500 mV, and
has a pulse width 20.3 of about 0.8 ms to about 1.2 ns,
preferably about 1 ms. The repetition rate of the pulses
20 is between 150 Hz and 200 Hz, preferably about 150 Hz.

- 30 The pulses 20 have a constant current output which is
adjustably variable between 0,01 mA and about 10 mA. After
remaining at its peak at a substantially constant amplitude
for about 0.2 ms, the pulse decays exponentially as shown.
The duration of the exponential decay is up to about 1 ms.
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- O- == select a particular repetition rate of the wﬂ%@ﬁ%ﬁi}ﬁ%ﬁi@ﬁhl
which, in turn, determnes the repetition rate of the purge 20 -ﬂﬁhh o
controller 12 has a plurality of frequency sel ection nea_skﬁmMAAE- q1es)

links or junpers 71 which are 5 connectedt® the port 90 & —Each

particular junper 71, when |located_in fosition, sel ects %gpredeternined
frequency at which the PHEsEOnbrpilappt? £PRrete thayayies ame dsngrptor

terminals 22, 124vidhg SbAEtLHL0BESSHE MY Hytiale pardnettiienite fed by an
operator into the controller 12 via a keypad 26, the
controller 12 thereby controlling the output parameters of
5 the pulse 20. The output current is determined by the
controller 12 which in turn controls the waveform generator
14 via the bus 28. The selected system parameters are then

displayed by the display unit 16, as described below.

The output terminals 22, 24 of the waveform

10 generator 14 are connected to electrode pads (not shown)

" which are operatively applied to the skin of a person and

which are preferably in the form of plasma covered metal

foil. An output current fed to thé electrodes is also fed

via lines 30 into the display unit 16 which has a liquid

15 crystal display 32 for displaying the amplitude of the
output current. '

The power supply unit 18 is fed with a 9 V

regulated power signal via a supplementary power supply 19.

The supplementary power supply 19 has a step down

20 transformer 19.1 which has a primary winding connected to
a mains line and a secondary winding connected to a
rectifier 19.2. An output of the rectifier 19.2 is fed via

a 9 V voltage regulator 19.3 into the power supply unit 18.

The power supply unit 18 provides power to the
25 display unit 16, the pulse generator 14, and the controller
12 via a power supply bus 34, The bus 34 is a bi~
directional bus thereby to enable the controller 12 to
switch itself off after a preselected time period has
lapsed. The time period is selected by entering via the

30 keypad 26.

Referring to Figure 2, reference numeral 40
generally indicates a control panel on which various
membrane switches 42 to 52 of the keypad 26 are mounted.
The switch 42 is an on/off switch for switching the



10° dependent current control output signal on line 100, m@hgmﬁhgm éij:&T-;
representative of a current selected by neans of the curr'nt up switch 44 @
and the current down switch 46. A higher frequency 100 i? Creg)resdnfba,dld\ye‘w
of a higher current and a | ower frequency fs~ representati = -ewert ]
current. 15 The current control signal on line 100 is fed into the
frequency to PHRAFREUOMRrPRrang ngcﬂnéoﬁVePFQ @He%ﬁgﬁ%ﬂuﬂ%P%F%%IY%ﬁé
dependent si grie Gipgdraudo iBeswitddmge slependent signal on line 102 is
then fed into the waveform generator 14 via line 72 (Figure 5). The
controller 12 20 further includes a power supply 104 to provide a

regul ated 5 V output to Zrheusecrtbeoconseold@er 12 is responsive to the

switches 44 and 46 which, respectively, increase and

5 decrease the output current upon actuation. The display 32
displays the output current from the waveform generator 14
thereby enabling an operator to monitor the current

magnitude in use.

The switches 48 and 50 are used to select duration

10 of operation of the apparatus. Switch 48 is a ten minute

time period selector which, upon actuation, illuminates an

LED 49 and provides a ten minute input signal to the

controller 12. Likewise, upon actuation of the switch 50

a five minute timing signal is provided to the controller

15 12 and an LED 51 is illuminated. The switch 52 is a

start/reset switch which, upon actuation, illuminates an LED

53 and provides a start/reset signal to the controller 12.

A bar graph display 56, formed by a plurality of stacked

LED’s, indicates the progression of the selected time by

20 displaying the time remaining of the initial time period
selected.

The waveform generator 14 has current regulating
circuitry 60 (Figure 5) which regulates the output current
of the waveform generator 14, and a voltage source 62 which

25 1is operatively connected in series with the current
regulating circuitry 60. The series connection between the
current regulating circuitry 60 and the voltage source 62
is providéd in use by a patient’s body.

"The current regulating circuitry 60 includes a

30 driver circuit 67, a Darlington transistor configuration 66
and current adjustment circuitry 68. A pulsed input signal

is fed into the driver circuit 67 via a line 69 from the
controller 12. The pulsed input signal is then fed into the
transistor configuratidh 66 via a line 70 thereby'regulatihg



the apparatus 10. The display unit 16 conprises the li garidhes ”%iar d?sp ay
32, a display driver 25 106, typically an ICL 7106, {and assighﬁwﬁ.ﬁﬂﬁ,,
circuitry. As shown in Figure 5, a tran3i%tor 108 i Dottriect "SEr]-¢

between the o ut termnal 24 and the vo urc

t ransi st or % “:?a Chet b FFER aﬁt’hrygr‘iltﬁg’s ﬁjar?sfe*t 51‘6]85 ed
“provides a S|gm§uunsﬂgnx1J12 which is 30 representative of the output
current flowing fromthe apparatus 10. The signal on line 112 (Figure 5) is

fed via line 114 (Figure 3) into the display unit 16. The Applicant
bel i eves that the pul se The giganes @f negative off-set and the amplitude

of the positive peak 20.2 relative to zero volts of the

Fi‘gure 3 shows a schematic circuit diagramof the di spkay=efit_ “‘?’in

5 waveform shown in Figure 4 and emitted from the output
terminals 22, 24 is consequent upon the current flowing in
an emitter resistor 75 and the saturation wvoltage of the
transistor configuration 66 which provides the negative off-
set to the waveform. The degree of off-set and the level

10 of the positive peak 20.2 varies depending upon the amount
of current drawn by the load. The exponential decay of the
pulse is provided by a capacitor 66.1 so that each pulse is
fully discharged into the patient from the terminals 22, 24.
Iﬁ will be noted that neither of the terminals .22, 24 is

15 earthed so that the patient’s body is in a floating series
configuration with the apparatus.

A current control signal from the controller 12
is fed via a line 72 to a differential amplifier 74 of the
current adjustment circuitry 68. An output from the

20 differential amplifier 74 is fed wvia a line 78 to the
transistor configuration 66 which controls the output
current on the output terminals 22, 24.

The voltage source 62 includes a high frequency

oscillator 73 implemented by sub-components of an integrated

25 circuit 76 and associated circuitry, a coil 79 to which the
high frequency output signal is applied, and a rectifier 81
connected to the coil 79, which rectifies the high frequency
signal providing a rectified DC output voltage. on line 80.
Smoothing capacitors 82 are provided to improve regulation.

30 The voltage source 62 includes a feedback circuit
77 which is connected intermediate the output of the voltage
source 62 and the high frequency oscillator 73. The
feedback circuit 77 increases the frequency of the
oscillator 73 upon a decrease in the RMS value of the output

35 voltage on line 80 thereby to maintain the RMS value of the



by the apparatus 10 is particularly effective- i-n-35 ‘el-ectrotherapy.
Wien the apparatus 10 is operative and the el ectrode§ Cotpgéted to out put
termnals 22, 24 are secured - 10 - to the skinjof a pati § ﬁyr g8t
flows in the body of the patient via the-egestrodes, “The AppliTte A bel i eves
that the current flow with the specific paraneters ‘seTected has a ™
benefi ci al ef feaddpuin tdiketaweairansa andnstanheieveal . f uftiel deedbasik thiErdaily of

the patient by stiquahbBo NeF¥Eadd¥ €3alh 84 to feea back the output
voltage on line 80 to a differential amplifier 86. An
output from the differential amplifier 86 is fed into a
5 flip-flop 83 and switching circuitry of the integrated
circuit 76.

The waveform generator 14 also has power supply
circuitry 88 which provides a 6 V regulated output to its
various components.

10 , Figure 6 shows a schematic circuit diagram of the
controller 12 which controls the operation of the apparatus
10. The controller 12 comprises a microprocessor 90,
typically an (OTP) 87C51 microprocessor, connected to the.
switches 42 to 52, a frequency to voltage converter 92, the

15 display 56 for indicating the progression of time, a buzzer
94 and power cut-off circuitry 96. Timing means which is
implemented by the microprocessof 90 and software loaded
therein, disables the waveform generator 14 after a
preselected time period via the bi-directional bus 34. The

20 buzzer 94 is actuated upon the lapsing of the preselected
time period thereby indicating that the time period selected
has expired. The power cut-off circuitry 96 includes a
‘rélay 98 which is configured to interrupt power to the
apparatus 10.

25 The switches 42 to 52 of the Xkeypad 26 are
connected to a first input/output port 90.1 of the
microprocessor 90. Second and third input/output ports 90.2
and 90.3 are connected to and drive the display 56. The
LEDs 49, 51 and 53 which respectively indicate the selection

30 of the ten minute and five minute time period, and the
start/reset condition correspond with those shown in Figure
2.

The microprocessor 90 generates the pulsed input
signal at the port 90.3 which is then fed into the driver
35 circuit 67 (Figure 5) via line 69. A port 90.4 is used to



axons by |owering the menbr ane potentials of the axons.
axons inherently have the necessary energy to produce tjhe so-ca tio
potential and application of the Figure 4 waveformtri

: 1

action. 10 _ The Applicant bel iewes-that appli G Egg§§h]sed
waveform 20 of Figure 4 causes depolarization of the nerve flbres in the
human body prguidad tahaéaihﬂcﬁlaﬁngbbeandldw atdtomn of tihe pputsddwdmmm

are of sufficient ni t de.

negative of f - §&8" ?ga ¥R H%%e&%?n% O@ﬁe%@%% ieﬁ g%%?%4DFQ§m9 o
symet ri cal pphkserebatlﬁmaqunﬁnpl&ﬂnsﬂ%wh%%lmgpéuﬁﬁéa5ﬁ1ﬁ&nﬁ?ﬁﬁﬂﬁﬂ%ﬁve
pul se rel ativg.§2-¢$bR ¥8hhS: ifh Nthe form of links or jumpers 71 which are

5 connected to the port 90.4. Each particular jumper 71, when

rT;EHEic@FJ'EVEd that

located in position, selects a predetermined frequency at
which the pulse 20 is applied to the load via the output
terminals 22, 24.

The microprocessor 90 provides a frequency

10 dependent current control output signal on line 100, which

is representative of a current selected by means of the

current up switch 44 and the current down switch 46. A

higher frequency 100 is representative of a higher current

and a lower freqguency is representative of a lower current.

15 The current control signal on line 100 is fed into the

frequency to voltage converter 92 which converts the signal

to a voltage dependent signal on line 102. The voltage

dependent signal on line 102 is then fed into the waveform

generator 14 via line 72 (Figure 5). The controller 12

20 further includes a power supply 104 to provide a regulated
5 V output to the microprocessor 90.

Figure 3 shows a schematic circuit diagram of the

display unit 16 used in the apparatus 10. The display unit

16 comprises the liquid crystal display 32, a display driver

25 106, typically an ICL 7106, and associated circuitry. As

shown in Figure 5, a transisto: 108 is connected in series

‘between the output terminal 24 and the voltage source 62.

A second transistor 110, which has the same base current as

the transistor 108, provides a signal on line 112 which is

30 representative of the output current flowing from the

apparatus 10. The signal on line 112 (Figure 5) is fed via
line 114 (Figure 3) into the display unit 16.

The Applicant believes that the pulse 20 generated

by the apparatus 10 1is particularly effective in

35 electrotherapy. When the apparatus 10 is operative and the
electrodes connected to output terminals 22, 24 are secured
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Applicant believes that this gives rise to a greater hypgpBERLACERQ, ef fect
on the nerve fibres and thus the pulse 20 20 generated t he apparatus 10
is particularly effective in electrotherapy. It is belieye@eatek -"pﬁ_mmgs
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I nproves the blood, circulation of the patient” ) ) )
beneficial effect on the neurons and biochemical functions

5 of the body of the patient by stimulating nerve fibres or
axons by lowering the membrane potentials of the axons. It
is believed that axons inherently have the necessary energy
to produce the so-called action potential and application
of the Figure 4 waveform triggers the axons into action.

10 The Applicant believes that application of the
pulsed waveform 20 of Figure 4 causes depolarization of the
nerve fibres in the human body provided that the strength
and duration of the pulsed waveform are of sufficient
magnitude. Because the pulse shown in Figure 4 has a

15 negative off-set relative to zero volts as shown rather than
being a symmetrical pulse relative £o zero volts or being
a predominantly positive pulse relative to zero volts, the
Applicant believes that this gives rise to a greater
hypopolarizing effect on the nerve fibres and thus the pulse

20 20 generated by the apparatus 10 is particularly effective
in electrotherapy.

It is believed that the low-frequency pulse 20
produces synchronous depolarization of the nerve fibres.
Thus, after the pulse 20 is applied to the skin of the human

25 body via the electrodes, nerve fibres, not only close to the
skin but also remote from the skin, gradually become
depolarized. The effect of this depolarization is a
reduction in pain and it relaxes the patient and improves
the blood circulation of the patient.

30 The Applicant further believes that stimulation
of thick afferent nerve fibres in the body has an inhibiting
or blocking effect on the activity of thin afferent nerve
fibres, and consequently pain perception is diminished. 1In
addition to reducing pain by stimulation of the thick nerve

35 fibres, normalization of the neuro-vegetative balance
occurs. This means a damping of the orthosympathetic
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afferent nerve fibres in the body has an inhibiting or blocking:effect voh-
the activity of thin afferent nerve fibres, and consequent.;l y pain
perception is dimnished. In addition to r%dum ng pain by [s’r)r wul hbi- ghl. o135
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bl ood. St i mirhet |<m]r@ﬂamyxg¢m nate the blood. Stimulation of myelinate
afferent nerve fibres in muscle or skin tissue causes
orthosympathetic reflex discharges which are followed by a
5 spontaneous post-excitation of the orthosympathetic reflex

activity.
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of generating a waveform conprising a sequence of pulses (20) characterised
5 in that theChAI48s (20) have paraneters as follows, a

1. A nerve stimulation apparatus (10) which includes
a waveform generator (14) capable of generating a
waveform comprising a sequence of pulses (20) characterised
5 in that the pulses (20) have parameters as follows, a
repetition rate of 150 to 200 Hz, a pulse width of 0,8 to
1,2 ms, a pulse decay which is exponential, an amplitude of
between 40 to 60 volts with a négative DC off-set, and an
output current of 0,01 to 10 mA; and
10 a controller (12) connected to the waveform generator
(14) for controllably varying at least one of the
parameters.

2. An apparatus as claimed in claim 1, characterised
in that it includes a pulse signal circuit (90) for
15 generating a pulsed input signal and in that the waveform
generator (14) includes
current regulating means (60) responsive to the pulsed
input signal and operable to regulate an output of the
waveform génerator (14) in sympathy with the pulsed input
20 signal; and
a voltage source (62) connectable by a series
connection with. the current regulating means (60), the
series connection being provided by a load connected to
output terminals (22, 24) of the apparatus in use.

25 3. An apparatus as claimed in claim 2, characterised
in that the voltage source (62) has voltage off-set means
(75) operable to adjust the negative DC off-set of the
waveform so that each pulse (20) has a positive peak (20.2)
of 10 to 600 mV.

30 4. An apparatus as claimed in claim 2 or claim 3,
characterised in that the controller (12) includes signal
generating means (90,92) for generating a current control
signal, the current regulating means (60) being réqunsive
to the current control signal thereby to vary the output

35 current from the waveform generator (14).
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preceding claims 2 to 4, characterised in that the voltage
source (62) includes a switching circuit which comprises

a high frequency oscillator (73) for generating a high
frequency output signal;

a coil (79) connected to an output of the high
freqﬁency oscillator (73) and to which the high frequency
output signal is applied in use; and

rectifier means (81) connected to the coil (79) and
arranged to rectify the high frequency output signal to
provide a rectified output voltage at an output of the
voltage source (62).

6. An apparatus as claimed in claim 5, characterised
in that the voltage source (62) includes a feedback circuit
(77) operable to increase the frequency of the high
frequency oscillator (73) upon a decrease in an RMS value
of the rectified output voltage of the voltage source (62)
thereby to maintain a constant rectified output voltage at
the output of the voltage source (62).

7. An apparatus as claimed in any one of the
preceding claims, characterised in that the controller (12)
includes timing means (90) operable to interrupt application
of the waveform after a preselected time period and
selection means (48, 50) for selecting the time period.

8. . An apparatus as claimed in any one of the
preceding claims, characterised in that the controller (12)
includes a microprocessor (90) having software for
controlling the waveform generator (14), and a frequency to
voitage converter (92) connected to the microprocessor (90)
and operable to convert a frequency dependent signal, which
is sourced from the microprocessor (90) and representative
of a desired output current, to a voltage dependent signal
which is fed into the waveform generator (14) thereby to
control the output current of the waveform generator (14).

y
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output terninals (22, ©24}y of t°he apparatus in use. 25 3. An
apparatus as clainmed in claim2, characterd sed in that the voltage source
(62) has voltage off-set. neans (75) operable to adjust the negative DC

of f-set of ti wavef or Arsandsatatewchspaladmed0inhata timpdsicharcagpeakiged. 2)

of 10 to 600 y§. that it includes input means (26), connected to the
controller (12), for inputting data into the controller

(12) .

I-nput signal and operable to regulate an output of the

5 10. A method of controlling pain in a human subject,
which includes generating a waveform comprising a sequence
of pulses (20) characterised in that the pulses (20) have
parameters as follows, a repetition rate of 150 to 200 Hz,
a pulse width of 0,8 to 1,2 ms, a pulse decay which is

10 exponential, an amplitude of between 40 and 60 volts with
a negative DC off-set, and an output current of 0,01 to 10
mA; and applying the waveform to the human subject.



30 4. An apparatus as clainmed in claim2 or claim3, characterised
in that the controller (12) includes signal generating neans_(90,92) for
generating a current control signal, the current regul ati
bei ng responsive to the current control signal thereby to
35 current fromthe wavef orm generat or (1ﬁ%. -13- 5.
apparatus as clained in any one of "t Pprecedi ng cl
characterised in that the voltage

ABSTRACT
NERVE STIMULATION APPARATUS AND METHOD

A nerve stimulation apparatus includes a waveform

generator (14) capable of generating a waveform comprising

5 a sequence of pulses (20), and a controller (12). The

pulses (20) have parameters as follows, a repetition rate

of 150 to 200 Hz, a pulse width of 0,8 to 1,2 ms, a pulse

decay which is exponential, an amplitude of between 40 to

60 volts with a negative DC off-set, and an output current

10 of 0,01 to 10 mA. The controller (12) controllably varies

the parameters of the pulse generator. A method of

controlling pain in a human subject includes applying the
waveform to the human subject. '
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15 (77) operable to increase the frequency of the high frequency
oscillator (73) upon a decrease in an RVS value of the rectified eutpit: = -
vol tage of the voltage source (62) thereby to maintain a cohrsfant ‘Fettitied
out put. voltage at the output of the voltage source (62). 20 7. 15 0 W
apparatus as claimed in ‘any one of the preceding claims, &¢ &=
characterised in that. the controller (12) imfgudes tim ng feans (90)~ "
operable to interrupt application of the waveformafter a preselected tine:
period and sel ection nmeans- (48 _50) for selecting the tipme period. 25 8.
An apparatus as claimgd in_any one of the pnecedihg cl ai ns,
characterised in that th¢ cofitroller (12)
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9. An apparatus as claimed in claim8, characterised in that it
i ncl udes i nput neans (26), connected to the controller (1
data into the controller (12). 5 10. A net hod of CIﬁERﬂNGEM§NR$ME#mL
a human subj ect, which includes generating a waveform co r|5|2g squggce,
of pul ses (20) characterised in that the pulses (20) havelj psta ﬁedB‘ ......... !
follows, a repetition rate of 150 to 200 a pul se w dt =B o—t=Z

ms, a pulse decay which is 10 - exponentlal gan amplitude of between 40 and
60 volts with a negative DC off-set, and an output current of 0,01 to 10

mA; and appl ying the waveformto the human subj ect.
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