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PCT INTERNATIONALAPPLICATION FOR

A Device for Volitional Swallowing with a Substitute Sensory System

Background of the Invention

1. Field of the Invention

The invention relates generally to methods and devices for treating neurological

diseases and disorders affecting swallowing. The invention provides for the patient and the

trainer of the patient to control the timing of switching stimulation to control a swallow at the

optimal time when the patient desires to swallow.

2. Description of the Related Art

A wide range of neurological diseases and disorders exist that are not well addressed

by present medical technology. Among these, dysphagia is a disorder placing persons at risk

of aspiration pneumonia, a life-threatening condition. Subjects at risk of aspiration pneumonia

have a 17% survival rate over three years. Estimates are that over 3 million persons in the U.S.

have dysphagia as a result of neurological diseases or disorders such as stroke, traumatic brain

injury, brain rumors, Parkinson's disease, multiple sclerosis and other neurological diseases

and over 300,000 persons develop a swallowing disorder as a result of a neurological disease

or disorder in the United States each year. Over 50% of subjects with neurological diseases or

disorders are at risk of aspiration pneumonia because of loss of central nervous system control

of their swallowing resulting in either delayed or reduced elevation of the hyolaryngeal

complex, which does not allow them to prevent food or liquid from entering the airway.

Normally the hyoid and larynx are raised by about 20 mm during swallowing producing an

inversion of the epiglottis and assisting with opening of the upper esophageal sphincter. Many



therapeutic techniques aim to improve hyolaryngeal elevation and reduce aspiration risk in

dysphagia.

Many other disorders need treatment, particularly as a result of stroke and other

neurological diseases. In addressing these treatment needs, research has demonstrated that

somatosensory stimulation can potentiate recovery of hand movement post stroke.

Others have shown that somatosensory stimulation applied to a paretic hand has

transient beneficial effects on the paretic hand pinch force in patients with stroke. It has

previously been shown that electrical, heat or a bolus in the hypopharynx can trigger

swallowing while laryngeal sensory blocks will severely impair the initiation of volitional

swallowing in normal adults. Pharyngeal stimulation can initiate laryngeal closure and

elevation for swallowing in animals, while laryngeal stimulation will trigger a swallow. In

humans, when sensory stimulation of the oropharynx is presented during a period separate

from swallowing, it enhances cortical activity in the swallowing regions, but does not benefit

subsequent swallowing in dysphagic subjects. Thus, further discoveries are needed in this

area.

Broad methods and devices are presented for therapy of neuromuscular disorders such

as dysphagia. By training subjects afflicted with dysphagia to coordinate their own swallowing

with intramuscular stimulation, their central volitional control was found to also improve,

without stimulation after training. Subjects could improve quickly in their ability to trigger

stimulation at the same time as intended swallow. Results indicate that normal persons can

easily and spontaneously coordinate the onset of a button press with the onset of muscle

activation for the pharyngeal component of swallowing. Accordingly, subjects with dysphagia

can learn to coordinate a muscular movement such as a button press with swallowing onset. In

other embodiments, other muscle movements similarly are quickly learned in a similar manner.



Therefore, there is need for device to permit the patient to coordinate muscular

movement with a button press to permit volitional swallowing.

Summary of the Invention

These and other needs are addressed by the present invention, in which a device is

provided for allowing the subject with dysphagia to coordinate muscular movement with a

button press to permit volitional swallowing.

In one aspect of the present invention, a device for treating a subject with dysphagia

or a speech disorder is disclosed. It comprises a connector for attaching the device to the

patient's neck, substantially over the subject's larynx. The device also comprises a contact

section for contacting the subject's neck above the larynx. Additionally, the device also

comprises a stimulator for applying at least one stimulus to the subject's larynx. Also, the

device comprises an adjustment mechanism for shifting the position of the device over the

subject's larynx.

In another aspect of the present invention, a device for enhancing volitional control of

a subject's larynx is disclosed. The device comprises a movement sensor for monitoring

pressure or movement changes due to elevation of the subject's larynx during attempts to

swallow, serving as a swallowing detector. The swallowing detector further comprises a

piezoelectric deflection receptor or a pressure sensor. It also comprises a stimulator, coupled to

the movement sensor, for applying pressure to a subject's larynx prior to swallowing. The

swallowing detector additionally comprises a battery, contained within the stimulator, acting as

a power supply for the device. The swallowing detector also comprises one or more

physiological sensors, electrically coupled to the stimulator. The device next comprises a

control device, a button either alone or contained in a spoon handle. The control device further



comprises a transducer, activated by the subject, for sending a signal to the stimulator before

the subject attempts to swallow or speak. It also comprises a control box for selecting the

stimulus type, rate and amplitude. The control box also comprises a cover, for protecting the

device when not in use by the subject.

In yet another aspect of the present invention, a vibro-tactile stimulator for providing

subject-controlled stimulation to the larynx is disclosed. The vibro-tactile stimulator

comprises a digital clock generator for producing an initial clock signal having a first

frequency range. It also comprises a digital decade counter for receiving the initial clock signal

and for producing sequential pulses having a second frequency range. Additionally, the

vibro-tactile stimulator comprises a motor, responsive to the sequential pulses, for producing

vibrations on the subject's larynx, having a third frequency range.

In still another aspect of the present invention, an automatic stimulation controller

device that cycles on and off to initiate and maintain vibro-tactile stimulation to induce

swallowing during the day and/or night to provide saliva control by swallowing is disclosed.

The automatic stimulation controller device comprises an automatic clock that initiates the

onset of the device. It also comprises an adjustable clock to initiate stimulation at an adjustable

interval of between about 1 and about 5 minutes. Additionally, the automatic stimulation

controller device comprises an adjustable timer that allows for setting the duration of

stimulation between about 1 and about 10 seconds. The automatic stimulation controller

device can also be adjusted to different intervals and durations of stimulation. It can

additionally be adjusted to stimulation rates of between about 30 and about 70 Hz of

vibro-tactile stimulation.

Other aspects, features, and advantages of the present invention are readily apparent

from the following detailed description. The present invention is also capable of other and



different embodiments, and its several details can be adjusted without departing from the scope

of the invention. Thus, the drawings and description are illustrative and not restrictive.

Brief Description of the Drawings

Figure 1 is a diagram of a device for treating a subject afflicted with dysphagia or a

speech disorder.

Figure 2 is a diagram of neural circuitry involved in using hand control.

Figure 3 is a graph of individual subject changes in aspiration seen in comparison with

swallowing without stimulation versus swallowing with low levels of electrical stimulation at

about 2 mA applied at the top the throat on the NIH swallowing safety scale.

Figure 4 is a graph depicting conceptualization of events post brain injury, placing

patients at high risk of aspiration post extubation with tracheotomy due to reduced afferent

stimulation in the upper airway and restricted oral intake, limiting return of reflexive

swallowing.

Figure 5 is a diagram of the design of the circuitry for the throat vibrator component of

the device.

Figure 6 is a diagram of the design of the circuitry for the automatic timer component

of the device.

Figure 7 is a histogram of the frequency of reports of urges to swallow when

vibro-tactile stimulation at four different frequencies were presented to the throat area. The

majority of the reports demonstrated that a rate of 59 Hz produced the most frequent reports of

urges to swallow.



Detailed Description of the Preferred Embodiments

It was discovered that neurologically impaired patients with dysphagia could improve

voluntary initiation of swallowing and thus alleviate their risk of aspiration while swallowing, by

motor act habituation such as pressing a button to indicate when they feel ready to swallow. By

way of example and not limitation, such motor training produces concurrent sensory stimulation

that induces a central pattern that produces the related effect of swallowing. This principle is

applicable to other neurological impairments, their associated motor act habituations and

related sensory stimulations. Neurological impairments that are contemplated include reflex

actions that involve interactions between afferent and efferent paths, at the spinal cord or in the

brain stem, as well as higher order interactions.

Embodiments contemplated cover methods for treating neurologically impaired

humans, devices useful for such treatments, such as those that produce deglutition stimulation

and vocalization stimulation and/or combinations of these. Combinations of stimulation types

are particular useful. Stimulation may be controlled electrically, mechanically, chemically or

biologically. For example the combined use of button press training with simultaneous

vibratory and pressure stimulation on the neck to augment feedback to the brain stem

swallowing centers to facilitate voluntary control of swallowing, which is thought to be largely

an involuntary brain stem function, is particularly useful for treating dysphagic subjects. That

is, volitional training with simultaneous sensory stimulation can assist early rehabilitation of

dysphagia.

A large variety of subjects may be treated with the devices and methods contemplated

herein, including for example, humans and animals that have experienced any stroke, traumatic

brain injury, post surgery to brain, Parkinsons, multiple sclerosis, ALS, supranuclear palsy or

other neurological disease or injury.



The site for stimulation for each disease will be appreciated by a medical doctor or

other allied health professional with experience with the disease. For dysphagia, stimulation

over the larynx is contemplated. The stimulation site is to a substitute region for a sensory

region that is normally able to elicit reflex swallowing but is no longer intact for a subject,

resulting a suppression of reflex swallowing such as occurs following extubation. For example,

subjects afflicted with dysphagia following neurological disease usually have sensory loss in

the oropharyngeal area which is normally required to be sensate in order to elicit safe

swallowing without aspiration in normal volunteers. Others have attempted providing

stimulation to areas that are reduced in sensory function to enhance swallowing in subjects

afflicted with dysphagia, and in normal volunteers; however these approaches to stimulation

involve the placement of devices into the oral cavity which interferes with eating food and

liquids.

This embodiment uses sensory triggering in substitute areas know to also enhance the

elicitation of reflex swallowing such as stimulation of afferents from the laryngeal area

contained in the superior laryngeal area. Basic studies suggest that the second order neurons

excited by afferents in the superior laryngeal nerve are selectively excitable at particular

frequencies and that stimulation around 30 Hz may be preferred for exciting the swallowing

system in the brainstem. As shown in Figure 7 vibratory stimulation to the skin over the throat

at 59 Hz produces the most frequent reports of an urge to swallow. Subjects are often not

responsive to stimulation in the oral and pharyngeal cavities but remain sensate to vibratory

stimulation to the areas of the human head which include anatomical structures (e.g., muscles,

nerves or connective tissue) that work in concert to effect deglutition. By providing sensory

stimulation to sensate areas on the throat, substitute stimulation can be used to enhance the

volitional elicitation of swallowing.



An embodiment treating dysphagia can be applied to treat other diseases. In an

embodiment, a period of volitional training with an alternate substitute sensory stimulation (for

example vibro-tactile stimulation to the throat area) is carried out wherein a patient activates a

switch to begin both vibration and/or pressure on the neck over the region of the larynx

immediately before and during a swallow while the patient attempts to swallow to potentiate

the subject's volitional control of a swallow. In an embodiment the switch is activated between

about 0 and about 5 seconds, about 10 milliseconds ("ms") and about 1.5 seconds, more

preferably between about 50 ms and about 750 ms yet more preferably between about 100 ms

and about 500 ms and even more preferably between about 200 ms and about 400 ms before the

volitional attempt at movement.

A pressure applying device that attaches to the body by for example a hook-and-loop

fastener, strap, rubber band, belt, bandage, garment, ace bandage, wire, string, piezoelectric

band or film, and/or combination of these. Desirably the applying device includes a contact

pressure builder such as a balloon, inflatable tube that inflates to a desired pressure or volume.

The art of blood pressure monitors includes devices and methods that may be used. Preferably

a neck wrap is used that positions the pressure applying device to the larynx and is adjustable

via a hook-and-loop fastener. A small point such as an area as small as about 0.02 square

centimeter over the larynx may be pressed, although larger areas of from about 0 1. to about 10

cm2 , from about 0.25. to about 5 cm2 , from about 0.5 to about 2.5 cm2 areas may be used. A

desirable area is about a 2-cm diameter circle. In a desirable embodiment at least 25%, 35%,

50%, 75%, 85%, 90%, 98% or more of the total pressure (calculated as an integrated sum

measurement of pressure times surface area) is placed over the larynx cartilage but not over

surrounding muscle. In an embodiment, such selective pressure is achieved, to obtain

satisfactory results. In another embodiment, vibratory energy similarly is selectively confined



over the larynx versus the surrounding muscle. Desirably, less than 50%, 25%, 10%, 5% or

even less pressure (and or stimulation such as cold, vibration, heat, electrical stimulation) is

applied to neck muscles.

For restoration of neurologically impaired deglutition, a vibrator may be contacted

over the larynx and produce a sequential wave of pressure across bars (such as 3 to 5 oblong

bars) at about 0.5 to about 30 times per second, and more preferably 2 to 25 times, more

preferably 5 to 10 times per second. Desirably the pressures are between about 1 to about 14

psi with rise times of about 25 to about 500 ms and more desirably rise times of about 15 to

about 150 ms. The vibrator may be combined with another stimulator such as an electrical skin

surface stimulator (same timing or different). Vibration rates of about 20 to about 100 Hz are

preferred and between about 40 to about 60 (e.g. 50-60 Hz) most preferred. Amplitude of

vibration desirably may be for example between about 1 micron and about 2 mm. Amplitudes

between about 100 micron and about 1 mm are useful. Generally, electrical stimulation for

sensory effects of the afferents in the skin most desirably include and more desirably employ

biphasic pulses of between 1-5 milliamperes of current at 15 to 60 Hz as 50 and 200

microsecond pulses.

In a desirable embodiment applicable to all stimulation types (pressure, vibration,

electrical, etc) the amplitude of the stimulation (measured as energy output or more directly as

electrical current or vibration displacement etc) and/or the rate of the stimulation pulse

increases during the swallowing activity. In another embodiment the duration of stimulation is

set to the average measured, or expected duration of the subject's swallow. In an embodiment

the stimulation lasts as long as the swallow is perceived to occur, or as long as a switch is

activated.



In other embodiments, the stimulation device is covered by a disposable material such

as a plastic or a cloth. Stimulators such as air pressure bars desirably (with vibrator and

electrical stimulators if used, closest to the skin) may be contained within a stretchable device

such as a wrap with a hook-and-loop fastener and is adjustable for individual subject bodies. Tn

another embodiment the switch is a button or other electrical device that is covered when not in

use. For example the switch may be a button in a small cover that is reversibly slid over the top

of a spoon handle or spoon handle shaped mount.

Pressure and/or electrical stimulation desirably is applied at a frequency of between

about 1 to about 100 Hz, about 5 to about 70 Hz, and more desirably between about 30-60 Hz.

Electrical stimulation, if used should be at low levels of less than about 25 mA over a wide area

( 10 cm2), or less if the area is smaller, such as between about 0.01 to about 10 mA, about 0.1to

about 7 mA, about 0.5 to about 5 mA, or about 1-3 mA. Levels that do not exceed about 10 mA,

about 7 mA, about 5 mA, about 4 mA, about 3 mA, and more desirably about 2 mA, are

particularly useful.

A study demonstrates improved swallowing safety (a reduction in aspiration) with the

use of a low level electrical stimulation at about 2 mA in chronic dysphagic subjects. This

study demonstrated that surface electrical stimulation at current intensities of about 7 mA or

higher which will stimulate the neck muscles underlying the skin DO NOT benefit swallowing

safety in dysphagic patients. Rather benefit occurred only when stimulation was at low levels

that would only produce sensory stimulation to the skin but not at higher levels.

Less than about 70 Hz is particularly useful for sensory stimulation and can be

combined with other stimuli. Less than about 60 Hz or less is particularly desirable for

dysphagia and other disease states. About a 59 Hz stimulation is desirable in some low cost

embodiments due to the easy availability of equipment for this frequency. Vibratory



stimulation is envisioned as being much more rapid, being between about 10 and about 100 Hz

and may be particularly useful at about 60 Hz..

Most desirably, the stimulation is asserted immediately before a volitional attempt to

move or carry out the physiological impaired function, such as swallowing. In an embodiment,

the stimulation is asserted about 1 to about 10 seconds before, about 0.1 to about 1 seconds

before, about 0.2 seconds to about 0.5 seconds before or about 0.2 to about 0.4 seconds before

the attempt. The stimulation may be asserted at the same time, but preferably is made, via a

device held in place against the affected body part, beforehand by this prescribed time period.

Other times and devices will be appreciated by a skilled worker (i.e. a biomedical engineer

working with and informed by a neurophysiologist researcher).

Figure 1 depicts a device for treating dysphagia or a speech disorder. For dysphagia

treatment, desirably a band 101 may be wrapped around the neck, with a vibrator 102

positioned over the larynx. Upon activation (e.g. by a button or switch 103) on a spoon 104

held by the subject 105 (one who wears the device, or under orders from the subject 105) the

vibrator 102 moves and vibrates the larynx. A control box is contemplated that may be set to

the stimulus type, the stimulus rate (set or increasing) and amplitude (set or increasing)

parameters and whether the duration would be set or stay for about 2 to about 6 seconds or as

long as the button is pressed.

In an embodiment, depicted in Figure 1, instructions are provided to the subject 105

for practice of initiating the sensory stimulation immediately prior to the subject's 105 own

initiation of a motor act such as swallowing by viewing, on a display screen 106, a movement

feedback signal 107, possibly from a piezo-electric or pressure sensor 108 also contained in the

neck wrap 101, which will be displayed when the motor movement begins on a display screen

106. The signal 109 from the switch 103, initiating sensory stimulation, will be presented on



the same display screen 106 for the subject 105 and a trainer to observe when the button or

switch 103 was activated for sensory stimulation in relation to the onset of the motor act or

swallow. In this way the subject can learn to optimize the timing of the sensory switch to occur

between about 600 and about 200 ms prior to the onset of their motor act of swallowing.

Communication between the switch and the stimulator may be by telemetry rather than a wired

device and similarly communication between the movement sensor and the display may be by

telemetry to relieve the subject from wired devices.

Kits are contemplated that include at least one stimulating device that is adapted to be

placed in contact with an affected body part, such as the larynx, a switch activated by a subject,

instructions for use and a container for the device. The instructions desirably include at least

one instruction corresponding to one or more method steps listed herein. In an embodiment, a

power supply such as a battery is within the stimulating device. In an embodiment, disposable

covers are included that cover the stimulator during use. In an embodiment the stimulating

device includes at least one pump that increases pressure within a chamber such as balloon(s)

or tube(s). The device further may include a pressure, stretch, volume, power or other sensor to

monitor pressure exerted by the device. In an embodiment the device further includes a switch

for setting the amount of desired pressure or movement and/or electrical stimulation. Switches

also may exist for setting frequency and or amplitude of the stimulation. In another

embodiment, the device in contact with the skin further includes one or more sensors of

physiology, such as temperature, skin color, hematocrit, oxygenation, blood pressure and the

like. In an embodiment the device reports results by a display and or by electromagnetic

transmission. In an embodiment the device monitors and/or records swallowing events. For

example, the device desirably monitors the presence (and optionally depth) of a swallowing



event via a piezo electric stretch receptor or other sensor on or in the band around the neck,

and/or at the surface over the larynx.

Changes and modifications to the embodiments presented herein are readily

understood by the skilled artisan after reading this specification. In particular, each condition

may be combined with other conditions stated herein.

Figure 2 illustrates the neural circuitry in using hand control 203 to trigger volitional

swallowing 204 along with simultaneous sensory stimulation 201 which goes to the cortex 202.

This is implemented after button press training described above with respect to Figure 1.

Elicitation of the swallowing reflex and safety in swallowing is dependent upon sensory

feedback 20 1 to the brain from sensory mechanoreceptors in the upper airway. If sensory input

is withdrawn, persons feel that they can no longer swallow and are at significant increase of

aspiration during swallowing. The neural circuitry enhances cortical motor control 202 of

swallowing coincident with substitution of sensory input 203 (from stimulation of the throat

area) to trigger brain stem circuitry to trigger reflexive swallowing 204 simultaneous with

volitional swallowing. Subjects with swallowing difficulties following stroke have often lost

their ability to sense stimuli in the upper airway.

Providing low levels of sensory stimulation to the throat significantly reduces the risk

of aspiration in patients with severe swallowing disorders. Figure 3 depicts individual subject

reductions in aspiration on the NIH swallowing safety scale seen in comparison with

swallowing without stimulation versus swallowing with low levels of electrical stimulation at

about 2 mA applied on the throat.

Figure 4 illustrates the events with relative severity and duration after the onset of

brain injury. Following loss of consciousness due to brain injury or stroke or following

coronary artery bypass graft, many subjects are intubated to maintain the airway for ventilation.



As they recover cognitive function, extubation of the endotracheal tube occurs. At this point it

has been found that the swallowing reflex is reduced. There are most likely several factors

contributing to this. First, sensory feedback 201 from the upper airway to the brain is reduced

due to changes in the sensory function of the mucosa in the upper airway possibly as a result of

injury to the mucosa by the endotracheal tube, and sensory organs of nerve endings supplying

those organs due to the pressure of the endotracheal tube on the mucosa or resultant edema in

the upper airway hi some subjects tissue granulation/ulceration occurs when the endotracheal

tube has been in place for prolonged periods (over one week). Upon extubation such subjects

often receive a tracheotomy to provide an adequate airway. It has been shown that during this

period following intubation that the normal swallowing reflex is reduced in patients increasing

their risk of aspiration of their own saliva. In addition to loss of the swallowing reflex, when

such subjects have a tracheotomy, their sensory input to the upper airway is further reduced

because of a lack of air flow through the hypopharynx. In addition, such subjects are often

placed on a restricted oral intake to prevent aspiration. As a result of their, "nothing per oral"

(NPO) status, such subjects are not swallowing and may be fed through a nasogastric tube or

long-term by enteric means for several days or weeks. All of these factors reduce reflexive

swallowing.

In Figure 5, the vibro-tactile stimulator is a battery-powered unit that controls a small

DC motor 501. The current from a single 9 Volt transistor battery 502 is controlled by an

LM317 (National Semiconductor Corporation), 3-terminal adjustable regulator 503 used as a

current source. An internal adjustable potentiometer 504 allows the subject to preset the output

current (measured as a voltage) of the regulator 503, which, in turn, will set the vibration

frequency of the motor 501.



It has been suggested from animal data that a vibrating frequency of 20 to 30 Hz in the

canine and 70 to 80 in the rabbit is particularly effective in eliciting the swallowing reflex. To

generate this low frequency vibration required finding a small, low voltage DC motor (10 mm

dia X 25.4 mm in length) with a planetary gearbox (Faulhaber, Model 1016M). The gearbox

reduces the output RPM to the desired range and increases the available torque. An

eccentrically loaded mass (machined brass, currently 3.3 grams) is attached to the output shaft

to generate the vibration. The mass weight can be changed to increase or decrease the vibration

amplitude. A lightweight, sealed aluminum tube encapsulates the motor and mass assembly

and is attached with thin, hook-and-loop fastening strips to an elastic wrap that can be

positioned over the desired area of the throat.

The subject controls the stimulator circuit by pressing an external pushbutton "ON"

switch 505. Pressing the switch will also activate an LED "ON" indicator light. When the

button is released, the vibration pulses stop. There is no delay between pressing the "ON"

switch and the vibration to the throat area.

A low battery indicator 506 is included using an LTC 1440 (Linear Technology)

comparator 507 used as a battery system monitor. When the battery voltage drops below 7.6

Volts, an LED "Low Battery" indicator comes on.

In Figure 6, an additional circuit is currently being constructed that will serve to

automatically energize the Throat Vibrator Circuit at an adjustable time interval (currently

between about 3 and about 6 minutes). By attaching this new device to the Switch Control

connector, the vibrator motor will be automatically energized for the selected time period

(currently, between about 6 and about 8 seconds). This automatic timing circuit will be used to

train subjects to control their saliva when they are not eating.



The circuit in Figure 6 incorporates a simple adjustable digital oscillator 601 using a

74HC14 (Motorola Hex Schmitt-Trigger Inverter) 602, which connects to a Motorola

MC14536B Programmable Timer 603. The input clock frequency will determine when an

output pulse is generated. The initial requirement is for an output pulse once about every 3 to 6

minutes. The output pulse from the timer 603 triggers an adjustable 74HC4538 (Motorola Dual

Precision Monostable Multivibrator) 604. The output pulse width of this device sets the "On"

time for the vibrator motor by energizing a reed relay (GORDO 835C) 605 through a FET

switch (RFW 2N06) 606. An LED is illuminated when the vibrator motor relay switch is

closed.

This timer unit is also powered with a 9 V. battery 607 regulated to + 5 Volts using a

(MAX663, Maxim/Dallas Semiconductor) 608. A low battery indicator 609 is also

incorporated using the LTC1440 (Linear Technology) described in the Throat Vibrator Circuit

description.

A subject can retrain their volitional motor control of swallowing by learning to press

a button (or a switch) immediately before the onset of the pharyngeal phase of swallowing.

A low level sensory stimulation to the throat area can substitute for a loss of oropharyngeal

sensory triggering in enhancing a volitional elicitation of a swallow. By training the patient to

provide this sensory stimulation immediately before a swallow, their volitional control can be

enhanced along with the use of a substitute sensory stimulation.

Providing alternative sensory stimulation, preferably vibratory stimulation to the

thyroid cartilage at about 40 to about 70 Hz, will enhance the triggering of the swallowing

reflex in the brain. Figure 7 is a histogram of the frequency of reports of urges to swallow at

four different frequencies. Figure 7 indicates a peak in the urge to swallow at about 59 Hz.

Such alternative sensory stimulation can substitute for the normal sensory stimulation of the



mucosa in the upper airway in eliciting the swallowing reflex in patients who no longer have a

normal response to sensory stimulation of the mucosa in the upper airway.

Volitional motor control training with sensory stimulation to enhance the return of

volitional swallowing can reduce the subject's risk as aspiration pneumonia and prevent

serious illness and death in neurological diseases and disorders secondary to swallowing

difficulties (dysphagia).

The present invention has been disclosed in connection with various embodiments and

implementations. The present invention is not limited by these embodiments and

implementations. The present invention is intended to be defined by the scope of the claims

which follow and that such claims be interpreted as broadly as is reasonable.



What is claimed is:

1. A device for treating a subject afflicted with dysphagia or a speech disorder comprising:

a connector for attaching the device to the subject's neck, substantially over the subject's

larynx;

a contact section for contacting the subject's neck above the larynx;

a stimulator for applying at least one stimulus to the subject's larynx; and

an adjustment mechanism for shifting the position of the device over the subject's larynx.

2. The device of claim 1, wherein the adjustment mechanism shifts the device's position within

a circle having an area between about .01 and about 10 cm2.

3. The device of claim 2, wherein the adjustment mechanism shifts the device's position within

a circle having an area between about .25 and about 5 cm2.

4. The device of claim 3, wherein the adjustment mechanism shifts the device's position within

a circle having an area between about .5 and about 2.5 cm2.

5. The device of claim 3, wherein the adjustment mechanism shifts the device's position within

a circle having an area of approximately 2 cm2.

6. The device of claim 1, wherein the at least one stimulus comprises a sequential wave of

pressure.



7. The device of claim 6, wherein the stimulator produces a wave having an amplitude between

about 1 micron and about 2 mm.

8. The device of claim 6, wherein the stimulator produces a wave having an amplitude between

about 100 microns and about 1 mm.

9. The device of claim 1, wherein the stimulator produces a wave having a frequency of

between about 0.5 and about 30 Hz.

10. The device of claim 9, wherein the stimulator produces a wave having a frequency of

between about 2 and about 50 Hz.

11. The device of claim 10, wherein the stimulator produces a wave having a frequency of

between about 5 and about 60 Hz.

12. The device of claim 1, wherein the stimulator produces a wave having a rise time of

between about 25 ms and about 500 ms.

13. The device of claim 12, wherein the stimulator produces a wave having a rise time of

between about 75 ms and about 150 ms.

14. The device of claim 1, wherein the at least one stimulus comprises a mechanical

displacement of the larynx.



15. The device of claim 14, wherein the mechanical displacement produces a reflexive

intrinsic and/or extrinsic laryngeal muscle contraction, thereby having a therapeutic effect on

control of vocal fold vibration for reducing stuttering.

16. The device of claim 1, wherein the at least one stimulus comprises a therapeutic vibration

useful for treatment of spasmodic dysphonia.

17. The device of claim 1, wherein the patient controls application of the therapeutic vibration

before attempting to speak.

18. The device of claim I5 wherein the at least one stimulus comprises an auditory stimulus.

19. The device of claim 1, wherein the at least one stimulus comprises a temperature stimulus.

20. The device of claim 1, wherein the at least one stimulus comprises a visual stimulus.

2 1. The device of claim 1, wherein the at least one stimulus comprises an olfactory stimulus.

22. The device of claim 1, wherein the at least one stimulus comprises a gustatory stimulus.

23. The device of claim 1, wherein vibratory and pressure stimuli are simultaneously applied

to the patient's neck.



24. A device for enhancing volitional control of a subject's larynx, comprising:

a movement sensor for monitoring pressure on the subject's larynx;

a swallowing detector, further comprising a piezoelectric stretch receptor;

a stimulator, coupled to the movement sensor, for applying pressure to a subject's larynx prior

to swallowing;

a battery, contained within the stimulator, acting as a power supply for the device;

one or more physiological sensors, electrically coupled to the stimulator; and

a control device, a button either alone or contained in a spoon handle, further comprising:

a transducer, activated by the patient, for sending a signal to the stimulator before the

subject attempts to swallow or speak;

a control box for selecting the stimulus type, rate and amplitude;

a cover, for protecting the button when not in use by the subject.

24. The device of claim 23, wherein the stimulator comprises at least one motor or pump.

25. The device of claim 23, wherein the one or more physiological sensors are selected from

the group consisting of temperature sensors, skin color sensors, hematocrit sensors,

oxygenation sensors, and blood pressure sensors.

26. The device of claim 23, wherein the piezoelectric movement receptor is mounted on a band

wrapped around the subject's neck.

27. The device of claim 23, wherein the piezoelectric stretch receptor is mounted on the

surface of the subject's skin above the larynx.



28. The device of claim 23, wherein the stimulator applies a vibratory signal to the subject's

larynx during an onset period before the subject attempts to swallow or speak.

29. The device of claim 28, wherein the onset period is between about 10 ms and about 1.5 s

before the subject attempts to swallow or speak.

30. The device of claim 28, wherein the onset period is between about 50 ms and about 750 ms

before the subject attempts to swallow or speak.

31. The device of claim 28, wherein the onset period is between about 100 ms and about 500

ms before the subjectattempts to swallow or speak.

32. The device of claim 23, wherein the transducer comprises a button having an "ON" setting

when pushed in and an "OFF" setting when pushed out.

33. The device of claim 23, wherein the transducer comprises a switch having "ON" and

"OFF" positions.



34. A vibro-tactile stimulator for providing stimulation to the larynx controlled by a subject

comprising:

a digital clock generator for producing an initial clock signal having a first frequency

range;

a digital decade counter for receiving the initial clock signal and for producing

sequential pulses having a second frequency range;

a motor, responsive to the sequential pulses, for producing vibrations on the subject's

larynx, having a third frequency range.

35. The stimulator of claim 34, wherein the initial clock signal has a frequency of between

about 1 Hz and about 10 Hz.

36. The stimulator of claim 34, wherein the initial clock signal is adjustable.

37. The stimulator of claim 34, wherein the second frequency range is between about 20 Hz

and about 75 Hz.

38. The stimulator of claim 37, wherein the second frequency range is between about 30 Hz

and about 60 Hz.

39. The stimulator of claim 34, wherein the motor comprises a planetary gearbox.

40. The stimulator of claim 34, wherein the third frequency range is between about 15 and

about 200 Hz.



4 1. The stimulator of claim 40, wherein the third frequency range is between about 20 and

about 100 Hz.

42. The stimulator of claim 41, wherein the motor produces vibrations at a frequency of

substantially about 60 Hz.

43. The stimulator of claim 34, wherein the stimulator is electrically controlled.

44. The stimulator of claim 34, wherein the stimulator is mechanically controlled.

45. The stimulator of claim 34, wherein the stimulator is chemically controlled.

46. The stimulator of claim 34, wherein the stimulator is biologically controlled.

47. The stimulator of claim 34, wherein the applied pressure is between about 1psi and about

14 psi.

48. An automatic stimulation controller device that cycles on and off to initiate and maintain

vibro-tactile stimulation to induce swallowing during the day and/or night to provide saliva

control by swallowing, the automatic stimulation controller device comprising:

a. an automatic clock to initiate the onset of the device;

b. an adjustable clock to initiate stimulation at an adjustable interval of between about 1

and about 5 minutes; and



c. an adjustable timer that allows for setting the duration of stimulation between about 1

and about 10 s,

wherein the automatic stimulation device is configured to be adjusted to different intervals and

durations of stimulation,

wherein the stimulator is configured to be adjusted to stimulation rates of between about 40 and

about 70 Hz of vibro-tactile stimulation.
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