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@ Mandible stimulator.

@ A mandible stimulator for causing involuntary mandibu-

lar closure operating in either a “‘test’” mode for measuring the

conductivities in a pair of electrode circuits or a “pulse’ mode

for generating adjustable amplitude constant current pulses

in the electrode circuits. In the “test’” mode a constant voltage

is appliedto left and right electrode circuits. A first comparator

circuit flashes respective “open” circuit warning lamps (30) if

the current through eithaer of the electrodes is less than a

preset value, and it flashes a “good” connection indicator

lamp (32) if the current through both electrodes is greater than

the preset value, A second comparator circuit detects a cur-

rent unbalance between the electrode circuits and flashes

w= respective “low” current warning lamps (34) in response

thersto. In the “pulse” mode an oscillator repetatively

charges a capacitor to a high voltage through a pulse trans-

I\ former, and the high voltage is then gated to a control circuit

I\ which generates a current pulse having an adjustable amp-

«f litude through the electrode circuits. The amplitude of the

current through one electrode circuit with respect to the cur-

(=] rentthrough the other electrode circuit may be adjusted with a
- balance control (26).
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This invention felates‘to mandible stimulators,
and, more particularly, to a mandible stimulator for pro-
ducing current pulses_}hrough one or more electrode cir-
cuits having an optimum duration and an amplitude which
is directly proportional to the rotational position of a
potentiometer, and which includes a self-test system for
flashing appropriate indicator lamps responsive to open
circuit, circuit unbalance and low battery conditions.

The stimulation of muscles in the human body by
electrical stimuli to provide involuntaryﬁmuscular res-
ponse has become a useful remedial,'aiagnostip and clini- .
cal technique; and in some.instance} as with a‘cardiac
stimulator, electrical stimulation has been subs;ituted
for normal electrochemical nerve signals. However, the.
direct; repetitive electrical stimulation of muscles by
evenly timed electrical pulses fed from a simple oscil-~

lator to a single electrode pair -is not practicai in some

. instances where electronic stimulation is required. For

example, in techniques producing involuntary mandibular
closure, it is clinically important that contraction of
the nerve fibers be effected through the motor nerves
rather than by controlling the mandible by the individual
stimulation of the muscles per se. Direct stimulation of
the muscles is impractical due to the number of elec-—
trodes which would be required, and stimulation of the
motor .nerves ensures stimulation of the entire muscle
complex. Also, it requires from six to eight times- less
electrical energy to effectively stimulate "the motor
nerves that would be required for direct muscle stimq~
lation. . .

In the electrical stimulation of  the motor
nerves controlling the masticatory and facial muscles,
muscularly balanced closure of the mandible may be
achieved by siﬁultaneously and evenly stimulating the
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.aarotor roots of the mandibular and facial nerves onaboth

sides of the face.  If only one muscle*gxoup on- one side
of the face contracts, the mandible will deviate  to that
side as it closes. This, for smooth phfsiologic closure
to occlusion, the entire muscle complex of each side of
the face must contract simultaneously in group action.
If simultaneous and bilateral stimulatios.to
produce group action of all the masticatory'and facial
muscles can be achieved, a number of clinical and diag-
nostic ;echniques are possible. For examble, cbntrolled’
stimulation may be employed to diagnose-the‘compérative
degree of relaxation or contracture of the muscle groups
on each side of the face; to cause . the mandible to close

"to the horizontal myocentric position—of.occlusion; to

determine the vertical position of occlusion; to take
denéure impressions; to relax muscle spasms associated
with Temporomandibular Joint Syndrome; and to, reduce
post-operative swelling and discoloratipn by cauSing:
gentle massage as the muscles contract.

' One mandlble stimulator which has been commonly
used to perform the above described functions is dis-
closed in U.S. Patent 3,797,500 assigned to Dr. Bernard
Jankelson. .-Although this apparaﬁus'performs adequately
under most conditions, the inventive mandible stimulator
described herein includes a number of features which re-
sult in improved operating and‘performanée characteris-
tics. One disadvantage of this conventional mandible
stimulator is that the output of the stimulator is a
pulse having a manually adjustable voltage so that the
¢currents throudh the electrode circuits véry depending
upon such variables as the skin resistance. of an indivi-
dual. Since the amount of stimulus provided to the motor
nerves depends upon the amouﬂtrof current in tne elec-
trode circuit, ané not the voltage, the amount of stimu-
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lus provided at a given stimulus setting varies geeatly
¢Between individuals.. Additionally, the relativelyg long
duration pulses 6f,phe,conventional mandible stimulator
may produce undesirable direcﬁ Stimulation of the mus-
cles., It is generally desirable that the elect:icél
stimuli to both left and right nerves of an individual
produce equal muscle response. However, the muscles of.
one side may be-in spasm or contracture and may require é
greater stimulus amplitude for an equal balanced muscle
response. A balance control is provided so the operator
can make the required adjustment. .In thé stimulator'des-
cribed in U.S. patent 3,797,500 this is accomplished by
separately measuring tﬁe current through each electrode
circuit with a_meéer, a.procedure,whichAis somewhat time
consuming and which may introduce inaccuracies in the
‘measurements. In summary, although the maﬁdible stimula-
tor described in U.S. patent 3,797,500 can be advantag—'
eously used, additional refinemeﬁts described and claimed
herein greatly improye the operating efficiency and ac-
curacy of such devices.

-‘One embodiment of the invention is described in
detail below with reference to"the drawings, in which:

Fig. 1 is an isomét:ic view illustrating the

“mandible stimulator in use.-

Fig. 2 is an external isometric view of the
mandible stimulator.

. . Fig.‘"B is a.schematié of the mandible stimu-~ -
lator circuits. 7 _ .

As illustrated in Fig. 1, the mandible stimu-
lator 10 is connected to a patient P by the practitioner
D through a cable 12. The cable 12 includes three con-
ductbrs l2a, b, ¢ two of which.12a, b are'connected td.
respective electrodes l4a, b placed on the right and left
sides of the face of the patient P. The third conductor
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12¢ is connected to a common dispersal electrodeﬁi?c (ndi

‘dffown) placed along the patient's spine. In order for
‘the electrodes 14 to function prdpérly, they must inti-

mately contaét the skin of the patient. However, the
resistance between each conductor 12 and the patient P
varies depending upon such variables as the characteris-—
tics of the electrode, the skin resistance of the patient
and the electrode/skin interface characteristics. Conse-

~ quently, a constant volfage placed on the conductors 12

would providg greatly varying degrees of electfical stim-
ulus to the patient P. | ’

' The external.structure of the mandible stimula-
tor 10 as illustrated in Fig. 2 includes a molded plas-

-tic case 16 of a pleasing design héving an upper control

and display panel 18 and lower control panel 20. The
lower control panel 20 includes a power swtich 22 for
switching an intefnal battery (not shown) to the stimula-
tor circuits and a mode switch 24 for placiﬁg'the stimu-
lator in either a "pulse” or "test" mode. The lower ﬁanel
20 also includes a balance control 26 for controlling the
intensity of the electrocal stimulus to the iight éléc—
trode l4a with respect to the intensity of the electriocal
stimulus to the left electrode 14b.- In operation the
balénce control 26 may be adjusted so that the electrical
stimulus to both electrodes 1l4a, b are apﬁroximately
equal or' to produce unbalanced mandibular closure. The
upper display and control panel 18 includes an amplitude
control 28 for manually adjusting the intensity of the
electrical stimulous between a zero level and a predeter-
mined maximum level. The lefthand side of the panel 18
includes a number of lamps for providing a visual indica-
tion of operating conditions .when the mode:switch 24 is
in its test position. The upper pair of_laﬁps 30a, b
flash responsive to the resistance through the right and
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Jeft electrode circuits being above.a predetermined mag-

nitude thereby indicating an open circuit condition. Two
of the- lower lamps 32a, b are utlllzed to signal an.un-
balanced condition in whlch the conductance of one elec-
trode circuit varies from the conductance of the other
electrode circuit by a predetermined value. In opera-
tion the lamp .32a flashes to indicate that the conduc-
tance of the fight electrode circuit is low compared to
the conductance of the '‘left electrode circuit, and -the
lamp 32b flashes to indicate that the conductance of the

left electrode circuit is low compared to the conductance

of the tight electrode circuit. If neither of the elec-
trode circuits have a resistance greater thén the prede-
terminea maximum. so that neither of the lamps 30 atre
illuminated the rightmost lamp 34 flashes to indicate
good circuit connections.

The upper rightﬁand,cotner of the display and
control panel 18 includes a pair of lamps'for providing
a visual indication of battery condition when the mode
switch 24 is in its pulse condition. The upper lamp 36
flashes in synchronlsm with the electrical stimulus
pulses when the battery voltage exceeds a predetermlned
value, and the lower lamp 38 flashes in synchronlsm with
the electrical stimulus pulses when the battery voltage
is less than a predetermined value. .

The stimulator.lo also includes three push-
button function switches 40 positioﬁed between the panels
18, 20. In their outer position the push-buttons 40a, b

connect the ocutput circuits of the stimulator to conduc-

tors 12a, b, respectively when the push-button 40c is
‘also in its outer position. The pushfbuttons 40a, b, ¢

are interconnected so that the push-button switches A0a,

b are reset to their outef'position by momentarily de-

" pressing push;button switch 40c. When push-button 40c is
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depressed, both electrode circuits are open. -
In operation the mandible stimulator 10.is con-

nected to the patient P by.the practitioner D as illus-

trated in Fig. 1. Th& amplitude- control is then rotated
to its counterclockwise or "off" position, the mode
switch 24 is placed in its test position and the power
switch 22 is placed in its "on" -position. The stlmulator
10 then measures the resistance through the electrode
circuits and eliminates open circuit 1nd1cator.lamps 30a,
b in the event that ﬁhe right or left electrode circuitg,
respectively, have a resistance exceeding a predetermined
velue which might be caused by a failure to connect the
electrode leads. 12 to the electrodes 14. AlternatiVely,
the lamp 34 flashes to indicate a-good connection. The
practitioner D will also observe whether either of the
low conductance -indicator lamps 34a, b are flashing,
which might bé caused by a failure to place.a layer of
conductive gel on one or both of the electrodes 14. All
of the sw1tches 40 are normally in their outer position
durlng the "test" mode so that both électrode circuits
are closed. The mode switch 24 is then placed in its
*pulse" posifion and the amplitude control 28 is rotated
clockwise-until the proper intensity of'electricalfstimu—

lus is being applied to the electrodes 14. During this

time the éractitioner D will observe the indicator lights

36, 38 to insure that the battery voltsge is sufficient

for normal operation. If desired the balance control 26
may be adjusted to produce unsymmetrical or unbalanced
mandibular closure. Since the lamp 36 flashes in synchro-

" nism with the electrical stimulus pulses it is possible

for the préctitioner D to apply a single.pulse to either
or both electrodes 14 by depressing the "both" push-
button switch 40c and then placing it in its outer posi-
tion for one flash of the lamp 36 before returning the



10

15

20

25

30 .

o 0000477

, switch 40c to its depressed position. Since the mandible
stimulator can be adjusted and its proper operation veri-
"fied simply by observing, the condition of a relatively
few lamps involuntary‘mandibular closure can be easily
and quickly produced without resorting to difficult and
:potentially iﬁaccurate reading and interpretation of
meters. o
A schematic for the mandible stimulator is il-

lustrated in Fig. 3. ‘The basic timing for the stimulator
is provided by an oscillator circuit inclﬁding a pair of
inverters 50,52. As inverter 52 switches from logic "0"
to logic "1" ("0" being approximately equal to -V and *1"
being approximately equal to ground potential);capacitor
54 begins charging in the opposite polarity so that the
'vdltage on the left side of capacitor 54 is a negative ‘
going positi%e voltage. Capacitor 54 then continues to
disbharge through resistors 56, 58 and 60. The rate of

~discharge may be adjusted by adjusting the position of

the wiper on poténtiometer 60. When capacitor 54 has
been discharged to the point where the input of inverter
50 reaches the transfer.of switching voltage, the voltage
level the oufputAof inverter 56 switches to "1" causing
the‘butput of inverter 52 to fall to "0". The "1" to "O"
transition at the output of ‘inverter 52 drives the left
lead of capacitor 54 to below -V. Capacitor 54 then
diécharges in thé-opposite direction through resistors
56,:58 and 60 uﬁtil the input to inverter 50 reaches the
transfer of switching voltage at which time both of the
inverters 50, 52 reverse state. Although the operating
frequency of the oscillator is not critical, in one oper-
ational embodiment potentiometef 60 is adjusted so that
the output frequency is 2024 Hy. '
The output of inverter 52 increments a 12 stage
binary counter 62 having its 3072 count detected by NAND
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gate.64 and its 3073 count detécted-by NAND gato 66. E’or.:~

svan oscillator frequency of 2024 H, the 3072 count is |
no~- reached approximately every 1.5 seconds and the duration
of each count is appro%imately 0.5 milliseconds. Conse-—

5 gquently, the output of NAND gate 64 falls to "0" approxi-
mately every 1.5 seconds, and the outpdt of NAND gate 66
fallsﬁtp "0" approximately 0.5 milliseconds after the
output of NAND gate 64. . On the 3074 count of counter 62
"the output of NAND gate 66 switches to "1"™ and this tran-

10 sition is coupled through capacitor 68 to the reset ter-— ‘
minal of .counter 62. The reset terminal of counter 62 is '
normally held in its logic "0" condition by a negative
voltage supplied through resistor 70. However, the "Q"
to "1" transition at the output of NAND gate 66 produces

.15 a p031t1ve going pulse on the reset termlnal whlch resets
the counter 62 to zero and causes the output of NAND gate
64 to switch from."0" to "1". The reset terminal of
counter 62 is also connected to ground through a diode 63
and a parallel combination of capacitor 65 and resistor

20 67. This circuit holds the reset terminal at. logic "1%
for a short period after power is applied-to reset the
counter 62. 1In summary, approximately every 1.5 seconds
a negative going pulse is produced at the output of NAND

. gate 64, approximately 0 5 milliseconds later a negative

25 going pulse is produced ‘at the output NAND gate 66, and
approximately 0. 5 mllllseconds‘later both’ pulses termi-
néte. As explained in greater detail hereinafter, the
pulse from the output of NAND gate 64 charges a capacitor
to a relatlvely hlgh voltage so that a stable, relatively

30 high voltage is ‘available 0.5 milliseconds later when’ the
pulse at the output of NAND gate 66 produces an electri-
cal stimulus pulse. The negétive going pulse from the
output of NAND gate 64 is received by inverter 70 which

. .satvurates darlington pair 72 through resister 74. When
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the mode switch 24 is in its "pulse" position current
‘then flows fhrough the primary of puiée transformer376 to
produce a relatively high voltage pulse across the secon-
dary of transformer 76! The high voltage pdlse then
chérges capacitor 78 through resistor 80 to 60 volts as
determined by zener diode 82 which acts as an output
voltage 1imi§g;.

7 Théwnegative going pulse at the output of NAND
gate 66 which occurs approximately 0.5 milliseconds after
capacitor 78 beings charging responsive to the pulse from

. the output of NAND gate 64 is applied to a pulse ampli-

tude control circuit 83. The trigger pulse from the out-
put of NAND gate 66 saturates transistor 84 through re-
sistor 86 allowing’cﬁrrent to flow through zener diode 88
‘and resistor 90. Current then flows through diodes 92, .
94 and potentiometers 96, 98. Potentiometer 96 is con-
nected to the amplitude control 28, and potentiometer 98-
is an internal calibration potentiometer for adjdsting
the maximum output current. The position of the wiper of
potentiometer 98 thus controls .the voltage drop across
the pqtentibmeter 96, and the position of the wiper of
potentiometer 96 determines the voltage applied to the
base of buffer transistor 100. Potentiometer 96 has a
linear resistance element 10 that when it receives a con-
Stant voltage the voltage on the potentiometer wiper is
approximately a linear function of the position .of the
poteﬁtiometer."However, as the wiper for potentiometer
96 moves away from the anode of diode 94 the base cur-
rents of transistors 110 and 112 increase somewhat non-
linearly. Consequently, resistors 102,.104 are provided
to compensate for the non-linear effects of the increase
in base currents of transistors 110 and 112 so that the
current. outputs of transistors 110 and 112 are.a linear
function of the position of the wiper of potentiometer
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The control SLgnal on the emitter of trans;stor
100 is applied to the w1per of potentiometer 114 of a
balance and output cirtuit 108 the winding of the poten-
tiometer 114 is connected to transistors 110, 112 through
resistors 116, 118 and 120, respectively. Potentiometer
114 is connected to the balance control 26 (Fig. 2) while
potentiometer 116 is aﬁ“internally accessible calibration
potentiometer. The wiper of potentiometer 116 is set so

- that the output currents of transistors 110 and 112 are

eqgual when the wiper of potentiometer 114 is in its cen- -
ter position. When the wiper of potentiometer 96 is
moved all the way toward the anode of diode 94 the diodes
92, 94 are placed in'pa;allel,with the base-emitter junc-
tion of transistor_IOO,'a'combination of resistors and
poténtiometers 114-120 and a parallel combination of the

base-emitter junctions of transistors 110, 112. Conse-

quently, the voltage drop across diodes 92, 94 is equal
to the voltage drop across the base-emitter junctions of
transistors 100, 110, 112 so that the.transistors lQO,'
110, 112 are cut off just at the point Qf'cdnduction.

The diodes 92, 94 also provide temberature compensatibn
for the transistors iOO, 110, 112 since any variations in
the base-emitter characteristics of the transistors 100,

110, 112 are compensated for by the variations in char-

acteristics of the diodes 92, 94. When 'the wiper of po-

“tentiometer 96 is moved away from the anode of diode 94

the base of transistor 100 becomes more positive causing
transistor 100 to begin conducting and allowing current

‘to flow through the base-emitter junctions of transistors

110, 112. Resistors 122, 124 are provided to limit the
current unbalance which may’ be provided by the potentio-

meter 114. _
The collectors of transistors 110, 112 are con-
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nected to'rgspective right and left terminals 126;-128-of;

Mo

" oitput jack 130 through current sensing resistors 132,

134 and blocking diodes 136, 138, respectively. The am-
plitudes of the currents through terminals 126, 128 are
proportional to the base currents of transistors 110, 112

shich are controlled by the position of the'wiperé for

potentiometeps 96, 114. Current sensing resistors 132,
134 are selected.so that the voltage drop across them at
a preset maximum current is equal to the trigger voltage

of thyristo;s 140, 142 which shunt the current from tran-

- sistors 110, 112, respectively, to ground in an overcur-

rent condition. =

. The output of inverter 70 is also applied to a
lamp driver circuit i46 for enabling the indicator lamps.
The trailing edée of the positive going pulse at the out-~
put of inverter 70 is differentiated by capacitor 148 and
resistor 150 to produce a positive going pulse at the
output of inverter 152 which saturates transistor 154

' through resistor 156. A capacitor 158 is positioned be-

tween the collector of transistor 154 and input of inver-
ter 152 to.increase the transient response of the switch-
ing circuit.  As transistor 154" saturates its collector
is effectively switched to the negative voltage supply
for driving various lamp circuits. The transistor 154 is
normally held at -cutoff by resistor 160 extending between
the base and emitter of transistor 154. .

' In the pulse mode switch 162 is closed thereby
conﬁecting the emitter of transistor 164 ta ground and
allowing current fo flow from the collector of transistor
164 through zener diode 166, potentiometer 168 and resis-—
tor 170. The wiper of potentiometer 168 is set so that
normél battery voltage is sufficient to allow transistor
164 to conduct causing current to £low through resistcr
172 and LED 36 (Fig. 2) to indicate that the battery vol-
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tage is sufficient. When the battery voltage falls to a
level slightly greater than the reverse breakdown voltage
of zener diode 166 transistor 164 is driven to cutoff
theréby forward biasing the base-emitter junction of
transistor 174 to allow current to flow through resistor
176 and the parallel combination of resistor 178 and
light emitting diode 38 which indicates that the battery

=

should be replaced. ‘
In the test médena constant voltage is_appliéd
to the resistors 190, 194, and the currents in'the elec-
trode circuits are measured to detect for open circuit
and - unbalanced resisténce conditions. In the "test" mode
switch_le is closed_thereby allowing current to, flow
through zener diode 182, diode 184'and resistors 186,
188. Consequently, Ehe'cathode of diode 184 is placed at
a préset'negaﬁive_voltage equal to the reverse breakdown
voltage of the zener diode 182 plus the voltage drop
across diode 184. This reference voltage is épplied to
terminals 126, 128 through respective series circuits of
resistor 190 and diode 192 and resistor 194 and diode -
196. Diodes 192, 196 are normally back biaséd when a
pulse ‘is produced in the pulse mode so that the test cir-
cuit does not interfere with the operation of the stimu-
lator. The reference voltage on the anode of zener diode
182 is applied directly to the non-inverting terminals of
operational amplifiers 198-204. The reference voltage is
then campared to the. voltage across resistor 190 and
diode 184 by operational amplifiers 198 and 204, and the
reference voltage is compared to the voltage across re-
sistor 194 and diode 184 by opérafional amplifiers 200,
202. Under open circuit-conditions-the reference voltage
is less negative than the voltagés at the éathodes of
diodes 192, 196 by approximately the voltagé drop across
diode 184. Consequently, the output of operational ampli-
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flers 200, 204, which function as comparators, is p051—”‘~
tlve thereby causing. current to flow through light emit-
ting diode 30b and resistor 210 and light emitting diade
30a and resistor 212 to indicate an open circuit condi-
tion. When the currents through resistors 190, 194 pro-
duce voltage drops across resistors 130,A194 gréater than
the voltage drop across diode 184 the outputs of opera-. .
tional amplifiers 200, 204 become negative thereby termi-
nating current flow through light emitting diodes -30a, b.
Operational amplifiers 198, 202 function as amplifiers

* since their outputs are connected- to- their inverting in-

puts by resistors 214, 216;‘respectively.h The ‘output of
operational aﬁplifier 198 is proportional to the current
through resistor isd, and thus proportional to the con-
ductance of the right giectrode circuit. Similarly, the’
voltage at the output of operational amplifier 202 is
pfoportional,to the current ;hrough resistor 194 and thus
proportidnal'to the condﬁctance' ﬁf.the ‘left electrode
circuit. These output voltages are compafed to each
other as described hereinafter to indicate an unbalanced
condition in which the current through one resistor 190,
194 exceeds the current through‘the other resistor 190,
194 by a predetermined value. The output of operational
amplifier 198 is connected to the base of transistor 218
through resistor 220, and the output of operatiodal am—
pllfler 202 is connected to the emitter of transistor
2181 Consequently, when the output of operational ampll-
fier 198 is more negative than the output of operational
amplifier 202 by. one diode drop, transistor 218 begins
conducting thereby saturating transistor 222 through re-
sistor 224 and allowing current ‘to flow through re51stor
226 and left conductance low light emitting diode 32b.
The base of transistor 222 is connected to the lamp drive
output line for lamp 30b through transistor 230 which is
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saturated through resistor 23Z% responsive to an openiéir-
cuit indication at the output of 6perationa1 amplifier
200. Thus current is unable ta flow through indicator
lamp 32b when 1nd1cator lamp 30b is illuminated. The low
conductance indicator 32a for the rlght electrode circuit
operates in essentiélly the same manner. The output of
operational amplifier 202 is connected to the -base of
transistor 234 through .xresistor 236, and the output of
operational.amplifier 198 is connected to the emitter of
transistor 234 so that transistor 234 is saturated when
the output of operational amplifier 198 is less ﬁegativei
than the output of operational amplifier 202 by one diode
drop. As transistor 234 conducts,. transistor 238 5e¢omes
saturéted through resistor 240 to allow current flow
through reistor 226 and light emitting diode 32a. Tran-
sistor 243 is saturated through resistor 242 by an opeﬁ
right electrode circuit indication ‘at the output of oper-
ational amplifier 204. o

7 The open circuit indications from the output of
operational émplifiers 200, 204 are applied to the base

of transistor 244 through resistor 246 and diodes 248,

25

30

250, respectitely. Transistor 244 then saturates thereby
back biasing the base-emitter junction of transistor 252.
However, when neither of the operational amplifiers 200,
204 are producing an open circuit indication, transistor

244 is held at cutoff by resistor 254 extending between

the base and emitter of transistor 244 so that the vol-
tage selected by resistors 246, 248 is placed on the base

‘of transistor 252 to allow current to flow through light
emitting diode 34. When either of. the low conductance

indicator lamps 32 are illuminated the voltage drop
across resistor 226 causes thé voltage on.the base of
transistor 252 to drop sufficiently to back bias the
base-emltter ]unctlon of transistor 252 to prevent the
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-w;%ED.34 from illuminating. If none of the lamps 50, 32
are illuminated, then good indicating lamp 34 flashes
each pulse.
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1. A mandible stimulator for providing con—
trolled electrical stimulation of the multiplicity of
muscles innervated by Ehe fifth and seventh cranial
nerves, comprising: '

a power source;

_ output means having right, left and common out-
puts, said output means including a right electrode con-
nected to said right output, a left electrode .conected to
said left output and a.dispersal electrode connected ta
said common ohtput, said output means being adapted to '
form a right electrode circuit through the body of a pa-
tient between the right side of said patient's Eace and
said dispersal electrode and a left electrode circuit
through ‘the body of said patient between the left side of

said patient's face and said dispersal elec-
trode; amplltude control means for selecting. the intensi-
ty of said electrical stipulation; and. i

signal. generating means- characterized by con-
stant current pulsing means connected to said power.
source for periodically generating a rigﬁt stimulus pulse
between said right and common outputs, and a left stimu-
lus pulse between said left and common outputs, said

" right and left stimulus pulses producing currents in said

right and left electrode circuits, respectively, which

- are a constant value corresponding to the intensity sel-—

ected by said amplitﬁde control means such that the elec-.
trical stimulation of said muscles is unaffected by var-

iations in electrode circuit.resistance.

2. The mandible stimulator of claim 1 wherein

the duration of said stimu;us pulses is approximately 0.5
milliseconds such that invaluntary mandibular closure is

achieved without causing muscle fatigue.

' 3. The mandible stimulator of claim 1 further
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including electrode circuit testing means for measuring

" the conductance: of sald electrode circuits and providing

a visual indication of the condition thereof, said test-
ing means comprising rlght and left circuit conductance
sensing means for generating right and left .conductance
SIQnals indicative of the conductance in said rlght and
left electrode c1rcu1ts, respectively;

first comparator means rece1v1ng said right and

left conductance signals for illuminating right and left

~open circuit’ indicating lamps responsive to the conduc-

tance in said right and left electrode circuitg, respec-
tively, being less than a first predetermined vélue; and
‘ second comparator means receiving said right
and left conductance signals'fcr illuminating a right
circuit low conductance indicating lamp responsive to the
conductance of said right electrode circuit being less

than the conductance of Said-left-eléctrcde circuit by a

"second predetermined value, and for illuminating a left

circuit ;ow conductance indicatiné lamp responsive to the
conductancc of said left electrode circuitvbeing less
than the‘conductance of said right electrode circuit by
said second predetermined value thereby providing a vis-
ual indication of circuit unbalance.

4. The mandible stimulator of claim 3 further
.including low conductance ‘indicating lamp inhibit means
for preventing said low conductance indicating lamps
from illuminating when the respective open circuit indi-
cating lamp is illuminated such that a visual indication
of electrode circuit low conductance is not produced when
said electrode circuit is open.

5. The mandible stimulator of claim 3 further
including indicator means receiving said right ‘and left
conductance signals for illuminating a good circuit con-
dition indicacing lamp responsive to the conductance of
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said right electrode circuit and. the conductance of said
left electrode circuit exceeding said first preéetermined
value. .' _

6. The mandible stimulator of claim 1 wherein
said amplitude control. means comprise: '

potentiometer means having a linear resistance
winding and potentiometer wiper adjustably cohtacting
said resistance winding; ’ _ o

control circuit means connected to sdid poten-
tiometer means, said control circuit means having a non-
linear transfer function such that the intensity of said
electrical stimulation is a non-linear function of the
position of said potentiometer wiper; and ; '

compensating means connected to said potentio-
meter means and said control circuit means for counter-
acting the non-linear characteristic of said control '
circuit means such that the intensity of said,electrical
stimulation is a linear function of the.position of said -

potentiometer.
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