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ABSTRACT

This invention is an intraoral electro-muscular stimulation device (30), and a methbd to
treat a breathing disorder. The stimulation device includes a first electrode (36), a first
“support member that maintains the first electrode in a sublingual location posterior to a
frenulum proximate to one of a first molar, a second molar, and a third molar of a patient. A
second electrode (38) is maintained in a sublingual position posterior relative to the first
electrode by a second support member. A further embodiment of the stimulation device
inciudes a sensor (54) that detects a respiratory parameter of a patient, outputs a signal
indicative thereof. A control unit (50) receives the signal from the sensor, distinguishes
between inspiration, expiration, initiates an electrical stimulation at a stimulation time prior to
onset of inspiration, and continues stimulation through a portion of mspiration at a level

sufficient to induce muscle contraction without pain.
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INTRAORAL ELECTROMUSCULAR STIMULATION DEVICE AND METHOD

This application is a divisional application of co-pending application

2,350,209, filed May 8, 2001.

BACKGROUND OF THE INVENTION

1. Field of the invention

The present invention pertains to a device and method for providing
non-invasive intraoral electromuscular stimulation to a patient to treat a breathing
disorder, such as obstructive sleep apnea, and, in particular, to a device and method
wherein electromuscular stimulation is provided to the patient at a time prior to the
onset of inspiration and continues through a major portion of the inspiratory phase and
1s applied at a level sufficient to induce muscle contraction without pain and/or is

provided bilaterally at sublingual locations posterior to the frenulum in an anterior-to-

posterior and/or posterior-to-anterior direction.

2. Description of the Related Art

Obstructive sleep apnea (OSA) is a medical condition in which the
upper airway is repeatedly occluded during sleep despite continued respiratory effort.
Those afflicted with OSA experience sleep fragmentation and complete or nearly
complete cessation of ventilation intermittently during sleep with potentially severe
degrees of oxyhemoglobin desaturation. An OSA sufferer typically experiences many
apnea and/or hyponea events throughout the night. During an apnea event, the
resulting hypoxia typically progresses until arousgl occurs, which reestablishes airway

patency.
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Symptoms of OSA include snoring, choking and/or gasping during
sleep, fragmented sleep, daytime sleepiness, fatigue and poor concentration. Airway
obstruction can lead to a reduction in tidal volume, oxygen desaturation and
progressive increases in respiratory rate. The long-term effects of OSA may be
translated clinically into extreme daytime sleepiness, cardiac arrhythmias, pulmonary-
artery hypertension, congestive heart failure and/or cognitive dysfunction. Other
consequences of OSA include right ventricular dysfunction, carbon dioxide retention
during wakefulness, as well as during sleep, and continuous reduced arterial oxygen
tension. Hypersomnolent sleep apnea patients may be at risk for excessive mortality
from these factors as well as by an elevated risk for accidents while driving and/or
operating potentially dangerous equipment.

Studies of the mechanism of collapse of the airway suggest that during
some stages of sleep, there is a general relaxation of the muscles that stabilize the
upper airway segment. This general relaxation of the muscles is believed to be a
factor contnibuting to OSA. More specifically, it is generally understood that the
patency of the airway depends on the activity of the pharyngeal dilator muscles.
Common sites of obstruction are behind the tongue and at the level of the soft palate.
In a normal state, the muscles of the tongue, the genioglossus, hyoglossus,
styloglossus, palatoglossus and the superior, inferior, transverse and vertical linguals,
act to protrude or retract the tongue. Posterior fibers of the genioglossus draw the
base of the tongue forward and anteriorly. One or more of these muscles normally

contract reflexively during inspiration. However, it is generally understood that OSA
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suffers experience a reduction of lingual muscle activity during sleep as compared to

nonapneics, thereby causing a reduction in airway patency.

Several therapeutic remedies exist for treating OSA. The most
invasive, yet most likely to be successful, is a tracheotomy, which creates an airway
bypass around the site of obstruction. Other surgical remedies include removal of

deformed, loose or swollen structures or tissues in the upper airway. It is also known

to apply positive air pressure at the mouth and/or nose of the patient to “splint” the
airway, thereby maintaining an open passage to the lungs. In addition,
pharmacological solutions have also been pursued.

None of these therapies is successful in all cases. Surgical relief is
invasive, introduces a potential for surgical complications and is appropriate in only a
small percentage of cases. On the other hand, the nasal or nasal/oral mask needed to
apply a positive air pressure 1s not tolerated by some OSA patients. Pharmacological

therapies have been, in general, less than satisfactory, and side effects are frequent.

It is also been proposed to treat OSA by electrically stimulating the
musculature of the upper airway to prevent its relaxation and/or induce contraction,
thereby preventing or mmnimizing subsequent blockage of the airway. There are two
methods 1n which electromuscular stimulation can be applied to a patient; invasively
or non-invasively. Invasive electrical stimulation of a muscle involves implanting one
or more electrodes, either permanently or temporarily within the paticrit. These
subcutaneous electrodes are typically located on or near the nerves that control the
muscle to be stimulated. In some applications, the electrodes are placed in direct

contact with the target muscle. Subcutaneous electrodes positioned adjacent the
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muscle or on or near the nerve controlling the muscle to be stimulated have the benefit
of focusing the electrical energy on the muscle/nerve to be stimulated.

However, electrical muscle stimulation utilizing implanted electrodes
requires surgical intervention, the permanent presence of foreign materials within the
patient’s tissue, and, 1n some applications, at least one electrical connection protruding
from the patient. Consequently, there is a potential for infection or irritation at the
surgical site and at the site where the electrode or electrical connection protrudes
through the surface of the patient. In addition, it is reasonable to expect that some
patients may be apprehensive about having a foreign object surgically placed within
their body.

Non-invasive electrical stimulation of the muscles in the upper airway
involves placing an electrode in direct contact with a surface of the patient and
passing a current through the surface tissues adjacent the electrode. For example, U.S.
Patent No. 5,123,425 to Shannon et al. teaches applying an electrical stimulation to
the exterior surface of the patient’s neck below the chin to induce contraction of the
Lippcr airway muscles. In addition, U.S. Patent No. 5,792,067 to Karell teaches an
intraoral device that applies electrical stimulation to the hard palate, soft palate or
pharyngeal area to induce contraction of the upper airway muscles. U.S. Patent No.
5,190,053 to Meer teaches an intraoral device that applies electrical stimulation to the
genioglossus muscle via electrodes located on the mucosa on the floor of the mouth
on either side of the frenulum, which is the connecting membrane under the tongue

that attaches the anterior portion of the tongue to the floor of the mouth.
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While each of these non-invasive stimplation techniques claim to
achieve some degree of success in opening the airway, it not clear that they are
successful in a sufficient number of patients to render any one of these techniques a
viable replacement to the other conventional treatments discussed above.

In addition to using either invasive or non-invasive stimulation on a
patient, conventional electromuscular stimulation treatments typically initiate
stimulation in one of two alternative timing methods. In a first timing method,
stimulation is applied only when nf_:eded to counteract a detected breathing disorder,
for example, at the onset of an apnea or when snoring 1s detected. This technique has
the advantages of, for example, conserving energy and minimizing muscle fatigue.
However, 1t 1s not clear that this stirﬁulation timing method is sufficiently successful
in breaking an apnea or stopping snoring in a significant number of OSA sufferers to
be suitable for widescale and/or practical use.

According to a second timing method, stimulation is provided
independent of the occurrence of a breathing disorder, such as an apnea, snore or other
symptoms of respiratory distress. In this second method, stimulation is typically
provided during each inhalation phase of a patient’s breathing cycle and typically is
initiated at the onset of inspiration. For example, U.S. Patent Nos. 5,540,732 and
5,922,862 both to Testerman teach an invasive electrical stimulation system in which
stimulation 1s applied to the patient in response to sensed inspiration. In an alternative
method, such as that taughi by U.S. Patent No. 5,158,080 to Kallok, stirnulation is
provided at all times during the patient’s breathing cycle, 1.e., during the entire

inspiratory phase and the entire expiratory phase. Although some success has been
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claimed when stimulation is provided independent of the occurrence of a breathing
disorder, it not clear that the degree of success of either technique is sufficient to
warrant the use such a timing technique on a widescale basis.

Other investigators, such as R.P. Schnall et al., as indicated, for
example, in an article entitled "Dilatory Effects of Upper Airway Muscle
Contraction Induced by Electrical Stimulation in Awake Humans," published 1n
Volume 75 of the Journal of Applied Physiology 1n 1995, pages 1950-65, have
experimented with various stimulation techniques, including the timing at which
stimulation is initiated and the corresponding placement of the electrodes within the
patient. However, as concluded in this article, the stimulation techniques attempted
by Mr. Schnall et al. were?unguccessﬁjl in decreasing the number of breathing

disorder events occurring in the test patients.
SUMMARY OF THE INVENTION

Accordingly, the present invention provides an intraoral electromuscular
stimulation device for treating a breathing disorder, such as OSA, that overcomes the
shortcomings of conventional muscle stimulating devices. This is achieved
according to one embodiment of the present invention by providing an intraoral
electromuscular stimulation device that delivers intraoral electrical stimulation to a
patient to reduce or minimize airway closure.

In one embodiment of the present invention, the intraoral

electromuscular stimulation device, which 1s adapted to provide intraoral electrical

stimulation to a patient, comprises a dental appliance; a first electrode disposed on a
first portion of said dental appliance such that said first electrode is disposed in a
sublingual location posterior to a frenulum and generally proximate to one of a first
molar, a second molar and a third molar of said patient; and a second electrode
disposed on a second portion of said dental appliance such that said second electrode
1s disposed 1n a sublingual position postérior relative to said first electrode, and

wherein said first and said second electrodes are adapted to be located within an oral
_6-
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cavity of said patient by said dental appliance such that a first area of said patient
proximate to said first and said second electrodes is stimulated responsive to a
stimulation energy being provided to said first and said second electrodes.

In a further embodiment of the invention, there is provided an intraoral
electromuscular stimulation device comprising a first electrode; a second electrode;
and supporting means for supporting said first electrode and said second electrode,
wherein said first electrode 1s sublingually supported at a position posterior to a
frenulum and. generally*proxima'te'to one of a first molar, a second molar and a third
molar of said patient and said second electrode is sublingually supported in a
position posterior relative to said first electrode.

In another aspect of the present invention there s provided an
electromuscular stimulating Systerﬁ comprising (1) an intraoral electrode dental
appliance, comprising a first electrode, a first support member adapted to support
said first electrode in a sublingual position posterior to a frenulum and generally
proximate to one of a first molar, a second molar and a third molar of a patient, a
second electrode, and a second support member adapted to support said second
electrode in a sublingual position posterior relative to said first electrode; and (2) a
stimulation unit operatively coupled to said first electrode and said second electrode,
said stimulation unit providing stimulating energy to a portion of said patient via
said first and said second electrodes, wherein stimulation of said portion of said
patient takes place in one of an anterior-to-posterior direction and a posterior-to-
antertor direction.

In a still further embodiment of the present invention, there is provided
an electromuscular stimulating system comprising (1) an intraoral electrode dental
appliance, comprising a first electrode, a second electrode, and supporting means for
supporting said first electrode and said second electrode such that said first electrode
1s sublingually supported in a position posterior to a frenulum and generally
proximate to one of a first molar, a second molar and a third molar in a patient and
said second electrode 1s sublingually supported in a position posterior relative to said
first electrode; and (2) stimulating means for providing stimulating energy to a

.7-
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portion of said patient through said first and said second electrodes, wherein
stimulation of said portion of said patient takes place in one of an anterior-to-
posterior direction and a postenor-to-anterior direction.

In a still another embodiment of the present invention, there is provided
a method of providing intraoral electromuscular stimulation comprising positioning
a first electrode 1n a patient’s oral cavity, wherein said first electrode is sublingually
supported in a position posterior to a frenulum and generally proximate to one of a
first molar, a second molar and a third molar; positioning a second electrode in said
patient’s oral cavity, wherein said second electrode 1s sublingually supported in a
position postenor relative to said first electrode; applying an electrical stimulation to
a portion of said patient between said first electrode and said second electrode.

In another embodimenit of the invention, there 1s provided an intraoral
electromuscular stimulation device comprising a first electrode; a first support
member adapted to support said first electrode in a sublingual location within said
patient on a first side of said patient’s oral cavity relative to said patient’s midline; a
second electrode; a second support member adapted to support said second electrode
in a sublingual location within said patient posterior relative to said first electrode
and on a same side of said patient’s oral cavity as said first electrode; a sensor
adapted to detect a respiratory parameter of said patient and to output a signal

indicative thereof; and a confrol unit operatively coupled to said sensor, said first

_electrode and said second electrode, said control unit receiving said signal from said

sensor and distinguishing between inspiration and expiration of said patient based
thereon, said control unit imitiating an electrical stimulation of said patient in one of
an anterior-to-posterior and posterior-to-anterior direction via said first and said
second electrodes at a stimulation start time prior to onset of inspiration, continuing
stimulation through a portion of inspiration, and providing stimulation at an energy
level sufficient to induce contraction of a targeted muscle without inducing pain.

In another embodiment of the invention, there is provided a method of
providing intraoral electromuscular stimulation comprising positioning of a first

electrode and a second electrode in sublingual positions within a patient’s oral cavity

_8-
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on a same side of said patient’s oral cavity relative to said patient’s midline,
wherein said second electrode is located in a position posterior relative to said first
electrode; detecting a respiratory parameter of said patient and providing a signal
indicative thereof, said parameter being suffictent to differentiate between
inspiration and expiration of said patient; and applying an electrical stimulation to a
portion of said patient between said first electrode and said second electrode in one
of a posterior-to-anterior direction and an anterior-to-posterior direction, wherein
initiating application of said electrical stimulation occurs at a stimulation start time
prior to onset of inspiration and continues through a portion of inspiration, and
wherein stimulation 1s provided at an energy level sufficient to induce contraction of
a targeted muscle without inducing pain. )
In another embodiment of the invention, there 1s provided an
electromuscular stimulation device comprising a first member adapted to engage a
structure associated with a patient’s upper dentition; a second member adapted to
engage a structure associated with such a patient’s mandible; a first electrode
supported by the first member or the second member 1n a sublingual position
posterior to a frenulum and generally proximate to one of a first molar, a second
molar and a third molar of such a patient; a second electrode supported by the first

member or the second member 1n a sublingual position posterior relative to the first

electrode; and a connecting assembly connecting the first member and the second

~member so as to limit movement of the first member relative to the second member,

thereby controlling a position of such a patient’s mandible relative to the upper
dentition during use of the electromuscular stimulation device.

In another embodiment of the invention, there is provided an
electromuscular stimulating system comprising (1) an intraoral dental appliance,
comprising: a first member adapted to engage a structure associated with a patient’s
upper dentition, a second member adapted to engage a structure associated with such
a patient’s mandible, a first electrode supported by the first member or the second
member 1n a sublingual position posterior to a frenulum and generally proximate to

one of a first molar, a second molar and a third molar of such a patient, a second
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electrode supported by the first member or the second ﬁémber in a sublingual
position posterior relative to the first electrode, and a connecting assembly
connecting the first member and the second member so as to limit movement of the
first member relative to the second member, thereby controlling a position of such a
patient’s mandible relative to the upper dentition during use of the intraoral dental
appliance; and (2) a sttimulation unit operatively coupled to the first electrode and
the second electrode to provide stimulating energy to a portion of such a patient via
the first and the second electrodes such that stimulation of such a portion of a patient
takes place in an anterior-to-posterior direction or a posterior-to-anterior direction.

In another embodiment of the invention, there 1s provided a system for
treating a breathing disorder comprising electromuscular stimulating means for
providing electrical energy fo a sublingual location of a patient; and mandibular
positing means for controlling a position of such a patient’s mandible relative to an
upper dentition of such a patient.

In another embodiment of the invention, there 1s provided an intraoral
electromuscular stimulation device comprising a first electrode; a first support
member adapted to support the first electrode in a sublingual location within a
patient’s oral cavity; a second electrode; a second support member adapted to
support the second electrode 1n a sublingual location within such a patient’s oral
cavity; a sensor adapted to detect a respiratory parameter of such a patient and to
output a signal indicative thereof; and a control unit operatively coupled to the
sensor, the first electrode and the second electrode, wherein the control unit (1)
receives the signal from the sensor and distinguishes between inspiration and
expiration of such a patient based thereon, (2) initiates an electrical sttmulation of
such a patient in an anterior-to-posterior of posterior-to-anterior direction via the
first and the second electrodes at a stimulation start time between 100-200 ms prior
to onset of inspiration, and (3) continues stimulation through at least a portion of
inspiration.

In another embodiment of the invention, there is provided an intraoral

electromuscular stimulation device comprising a first electrode; a first support
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member adapted to support the first electrode in a sublingual location within a

patient’s oral cavity posterior to a frenulum and generally proximate to one of a first
molar, a second molar, and a third molar of such a patient; a second electrode; a
second support member adapted to support the second electrode in a sublingual
location within such a patient’s oral cavity and posterior relative to the first
electrode; a sensor adapted to detect a respiratory parameter of such a patient and to
output a signal indicative thereof; and a control unit operatively coupled to the
sensor, the first electrode and the éecond electrode, wherein the control unit (1)
receives the signal from the sensor and distinguishing between inspiration and
expiration of such a patient based thereon, (2) initiates an electrical stimulation of
such a patient in an anterior-to-posterior of posterior-to-anterior direction via the
first and second electrodes at a stimulation start time prior to onset of inspiration,
and (3) continues stimulation through at least a portion of inspiration.

These and other aspects, features and characteristics of the present
invention, as well as the methods of operation and functions of the related elements
of structure and the combination of parts and economies of manufacture, will
become more apparent upon consideration of the following description and the
appended claims with reference to the accompanying drawings, all of which form a

part of this

-9B.-
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specification, wherein like reference numerals designate corresponding parts in the
various figures. It is to be expressly understood, however, that the drawings are for

the purpose of illustration and descniption only and are not intended as a definition of

the limits of the invention.
5 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1s a plan view of an exemplary embodiment of a dental appliance
used with a first embodiment of the electromuscular stimulating system of the present
invention shown positioned relative to a patient’s lower teeth;

Fig. 2 1s a side sectional view of a patient illusirating the sites of

10 stimulation for the device illustrated ‘in Fig. I,

Fi1g. 3 1s a schematic diagram of an electromuscular stimulating system
according to a first embodiment of the present invention;

Fig. 4A 1s a waveform illustrating an exemplary train of stimulation
pulses provided to the patient by the electromuscular stimulating system of the present

15 invention and Fig. 4B 1s an presently preferred embodiment for the stimulating pulse;

Figs. SA and 5B are waveforms of an airflow signal and a respiratory
effort signal, respectively, iliustrating the points for the onset of electrical stimulation
according to the principles of the present invention, Fig. 5C is a waveform illustrating
the EMG activity of the phrenic nerve, and Fig. 5D is a waveform showing the

20 application of stimulation energy to the patient according to the principles of the

present invention;
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Fig. 6 1s a schematic diagram of an electromuscular stimulating system
according to a second embodiment of the present invention;

Fig. 7 1s a schematic diagram of an electromuscular stimulating system
according to a third embodiment of the present invention that includes a pressure
support device;

Fig. 8A is a rear perspective view and Fig. 8B is a bottom view of a
dental appliance that provides electromuscular stimulation and oral positive airway
pressure according to the principles of the present invention; and

Fig. 9A 15 a rear perspective view and Fig. 9B is a side view of a dental

appliance that provides electromuscular sttmulation and mandibular positioning

according to the principles of the present invention.

DETAILED DESCRIPTION OF THE PRESENTLY
PREFERRED EMBODIMENTS OF THE INVENTION

Referring now to Figs. 1-3 there is shown therein a first embodiment of
an electromuscular stimulating system 30 of the present invention for providing
sublingual electromuscular stimulation to a patient to reduce or minimize the
occurrence of a breathing disorder, such as OSA. As best illustrated schematically in
Fig. 3, electromuscular stimulating system 30 includes a dental appliance 32 on which
are provided a first group 34 of electrodes 36, 38 and 40 and a second group 42 of
electrodes 44, 46 and 48. During normal use, dental appliance 32 is 1~ocated under the
patient’s tongue so that the electrodes are in contact with the patient at sublingual
locations generally proximate to the sublingual musculature to provide electrical

stimulation to the muscles of the upper airway responsible for maintaining the patency

-11-
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of the airway. Electromuscular stimulating system 30 includes a control unit SO that

controls the application of stimulation pulses to the electrodes, a power supply 52 for
running the system and for supplying the stimulation energy, and a respiration sensor
54 for detecting a physiological characteristic of the patient indicative to the patient’s
breathing. The details of each component and its function in electromuscular

stimulating system 30 are discussed in greater detail below.

In the illustrated embodiment, first and second groups of electrodes 34
and 42 are located on a common, unitary support member 56. It is to be understood,
however, that the present invention contemplates providing each group of electrodes,
pairs of electrodes, and/or individual electrodes on a separate support member. In
addition, although first and second groups of electrodes 34 and 42 are illustrated as
each having three individual electrodes, it is to be understood that as few as two
electrodes can be provided in each group so long as at least one pair of (two)
electrodes are sublingually located on each side of the patient’s oral cavity, i.e.,
located on each side of the patient’s midline within the oral cavity. Conversely, first
and second groups of electrodes 34 and 42 can each include more than the three
electrodes shown in the figures, depending on the stimulation pattern to be achieved.

Support member 56 is sized so as to fit under the patient’s tongue
proximate to the mandibular, i.e., lower, teeth 58, as generally shown in Fig. 1. Once
properly positioned, the patient’s frenulum 60 is located adjacent curve 62 in support
member 56. In addition, each lateral arm 64 and 66 of support member 56 extends
posteriorly into the patient’s oral cavity sublingually with teeth/gum tissues 68 being

located on one side of the support member and the tongue/genioglossus muscle tissue

-12-
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70, the outline of which 1s illustrated by the dashed line in Fig. 1, being located on the
other. Support member 56 1s sized and configured and the electrodes disposed
thereon are arranged and configured such that, once properly positioned, all of the

electrodes are sublingually located within the patient in a position posterior to the

frenulum 60 during normal use.

As mentioned briefly above, the frenulum is a thin membrane generally
located along the centerline of the mouth that connects the underside of the tongue to
the floor of the mouth. In a normal human, the frenulum is on the order of a few
fibers thick and rapidly thickens in an anterior-to-posterior direction along the
centerline of the mouth. The tissue commonly referred to as the frenulum ceases in an
anterior-to-posterior direction at an undefined point where there is no longer a thin
membrane in the lateral direction, i.e., a direction perpendicular to the centerline, of
the mouth. The transition from the region below the tongue corresponding to the
patient’s frenulum, which is identified as region A in Fig. 1, to the area of the mouth
below the tongue where there i1s no longer a thin membrane in the lateral direction

and, hence, no frenulum, which is identified as region B, generally occurs at a first

molar 72.

The present inventors discovered that optimal results from
electromuscular stimulation are achieved when the stimulating electrodes are
sublingually located in a generally posterior position within the oral cavity. Thus, the
present invention contemplates locating the stimulating electrodes in region B, which
1s posterior to region A corresponding to frenulum 60, so that all of the electrodes are

posterior to frenulum 60. The present inventors postulate that non-invasive,

-13-
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sublingual stimulation of the patient in a generally posterior location in the patient’s
mouth induces contraction or prevents relaxation of a posterior portion of the
genioglossus, which is believed to be a portion of the genioglossus muscle that

significantly affects the degree of opening of the airway.

Figs. 1 and 2 illustrate an example of the location of electrodes 36-40
and 44-48 relative to the anatomical features of the patient according to a presently
preferred embodiment of the present invention. As shown, the most anterior
electrodes 36 and 44 are generally proximate to first molar 72, middle electrodes 38
and 46 are generally proximate to a second molar 74, and the most posterior
electrodes 40 and 48 are generally proximate to the third molar (wisdom tooth) 76, if
present in the patient. In addition, electrodes 36-40 and 44-48 are located under
tongue 78 in a position generally overlying the middle or posterior pottion of
genioglossus muscle 80. Although Figs. 1 and 2 illustrate electrodes 36-40 and 44-48
as being generally aligned with a tooth in the patient’s mouth, it is to be undcrstdod,
however, that aligning the electrodes with the teeth is not necessary. Furthermore, the
dental appliance and associated electrodes can havc a variety of configurations so long
as all of the electrodes are sublingually located within the patient within region B,
which is the region posterior to the frenulum 60 and that continues in a posterior
direction until 1t 1s no longer possible for an electrode located therein to stimulate the
genioglossus muscle. That is, region B encompasses the area under the tongue that
begins at the termination point of the frenulum and extends in a posterior direction to

the esophagus. See Fig. 2.

-14-
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The préscnt invention contemplates that the eiectrodes in each group of
electrodes, i.e., the electrodes located on the same side of the patient’s mouth or on
the same lateral arm, are arranged so that at Jeast one electrode is posterior to another
electrode. For example, in Fig. 3, electrode 38 is posterior to electrode 36 and
electrode 40 1s posterior to electrodes 36 and 38 during normal use. Locating the
electrodes in each group within the patient in these positions relative to one another is
done because the present inventors also discovered that optimum stimulation results
are achieved if the stimulation current flow through the patient is in a generally
anterior-to-posterior or posterior-to-anterior direction. The present inventors postulate
that these directions for current flow optimize contraction because the direction of
current flow through the relevant portions of the genioglossus coincides with the
direction of the muscle tissue and/or nerve directions at that location.

In the embodiment 1llustrated in Fig. 1, electrodes 36-40 and 44-48 are
imbedded in the support member 56 on a common surface 84 so that once support
member 56 i1s inserted under the tongue, electrodes 34-38 and 42-46 are in contact
with the patient’s tissue at the lower portion of the oral cavity proximate to the
sublingual musculature. In the illustrated embodiment, for example, surface 84, on
which electrodes 36-40 and 44-48 are located, corresponds to the inferior surface of
support member 56 and is opposite superior surface 82. In this embodiment, inferior
surface 84 generally faces the patient’s jaw and superior surface 82 generally faces the

patient’s hard palate when the dental appliance is properly positioned within the

patient.
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It is to be understood, however, that the present invention contemplates
locating the electrodes at other locations within the mouth or at other locations on the
support member so long as the electrodes are located sublingually posterior to the
frenulum. For example, the electrodes can be located on a side surface, rather than a
top or bottom surface, of support member 56, so that the electrodes face a base area 86
of the tongue, which is the area where the genioglossus transitions into the tongue
tissue. Also, the surfaces on which the elcctfodcs are disposed need not be planar.
For example, the portions of the surface on which the electrodes are disposed can be
raised to facilitate contact of the electrodes with the patient. Furthermore, the
electrodes themselves need not be planar, but may be a raise mound of conductive
material, for example. The present invention contemplates providing the electrodes at
locations on the support member and/or having shapes other than that shown in the
figures so long as the goals of the present invention as discussed herein are achieved.

Electrodes 36-40 and 44-48 can be made from a variety of conductive
materials. More specifically, the electrodes can be made from any electroconductive
material suitable for use in the intraoral environment, and, preferably, from a material
suitable for long term use in such an environment. Each electrode can be made from
the same or different materials. Examples, of suitable materials include, but are not
limited to, metal, carbon-impregnated metal or plastic, and electroconductive rubber
or gels.

Electrodes 36-40 and 44-48 can have a variety of configurations
depending on the desired stimulation pattern so long as they are capable of

exchanging electric current with the tissue contacting the electrode. For example, the
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electrodes can be strip electrodes having one of a variety of patterns, rather than the
spot electrodes shown in the figures. The shapes of the electrodes in each group can
be the same or can differ from one electrode to the next, and the electrodes in one
group need not have the same configuration as the electrodes in another group. The
electrodes disposed on support member 56 are illustrated by dashed lines in Fig. |
because they are located on the underside of support member 56 when viewed from
the top as shown in Fig. 1.

Support member 56 includes a mechanism for attaching the support
member to the patient. In the illustrated embodiment, a pair of attaching members 88
and 90 are disposed on either side of the support member. The present invention
contemplates that attaching members 88 and 90 are any structure capable of being
secured to the patient’s lower teeth or other jaw structure to maintain the electrodes in
a substantially fixed position relative to the lower teeth. In a preferred embodiment of
the present invention, however, the electrodes are moveable in a generally an up and
down direction within the patient so that the electrodes are maintained in contact with
the floor of the mouth posterior to the frenulum. It is further preferable that there be
minimal movement of the electrodes in the anterior-posterior or posterior-anterior
direction and in the medial-lateral or lateral-medial direction so long as the electrodes
are maintained in contact with the patient’s tissues. Any configuration for the support
members that provides these functions are contemplated within the scope of the
present invention.

In the embodiment illustrated in Fig. 1, attaching members 88 and 90

are wire-like bands that are generally wrapped around at least a portion of single tooth.
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It is to be understood, howevcr. that the size of each attaching member can be made
larger to attach tb more than one tooth. Attaching members 88 and 90 are made from
any suitable biocompatible material having sufficient strength to attach support
member to the patient yet moldable to permit a common (non deformed) configuration
of the attaching members to be formed to fit a wide variety of patients having a variety
of different dental configurations. It should be noted that if more than one support
member is provided, each support member should include a mechanism for attaching
that support member to the patient.

It is to be further understood, that the support members need not be
rigidly attached to the teeth. On the contrary, other embodiments of the present
invention contemplate that the attaching mechanism be flexible enough to permit
slight movement of the support member or support members. Making the attachment
of the support member to the teeth somewhat flexible is believed to increase patient
comfort. In addition, the present invention contemplates providing a biasing
mechanism so that the support member and/or electrodes are urged into contact with
the patient’s tissue. An example of a suitable biasing mechanism is to make the arms
of attaching members 88 and 90 spring-like so that the attached support members are
urged into contact with the patient.

While the attaching members are illustrated in Fig. 1 as being a wire or
wire-like configuration, it is to be understood that the present invention is not limited
to such a structure. On the contrary, the present invention contemplates that any
mechanism for attaching the electrodes to the patient can be used for the attaching

member. For example, a molded member, rather than a metal or metal-like strip can
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be used to secure the support member within the patient. The moldable member can
be a premolded appliance that generally matches the patient’s teeth or a customizable

mold that can be configured to match the tooth pattern of a specific patient. The

present invention also contemplates that the attaching member can be secured to the

upper teeth so long as additional support members are provided for sublingually

locating the electrodes at the positions discussed above. The present invention further
contemplates using a biocompatible adhesive to secure the electrodes at the
appropriate location within the patient, without any attachment to the teeth.

In yet another variation, more permanent devices can be used for
securing the support member within the oral cavity. For example, a patient may be
provided with a support stem that is permanently fixed to the jaw bone or to a nearby
existing tooth or tooth root. In this embodiment, the support member for the
electrodes should be provided with a coupling member suitable for attaching to the
stern so that the support member can be selectively attached to the relatively

permanent mount within the patient’s mouth.

According to one embodiment of the present invention, electrical
stimulation 1s provided to the patient during selected portions of the patient’s
breathing cycle mdependent of the occurrence of a breathing disorder, such as an
apnea, snore or other symptoms of respiratory distress. This technique requires
sensing the patient’s breathing and distinguishing between the inspiratory phase and
the expiratory phase of the breathing cycle so that electrical stimulation can be applied
during the desired portion or portions of the breathing cycle. Sensing the patient’s

breathing is accomplished by respiration sensor 54. See Fig. 1. Respiration sensor 54
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is any device suitable to detect the respiration, i.c., breathing, of the patient. For
example, respiration sensor 54 can be a thermister or thermocouple device that detects
temperature changes associated with the exchange of gas with the patient, a
plesmography or inductance belt that detects the respiratory efforts of the patient, or a
flow sensor in communication with the patient’s airway that monitors the flow of gas
to and/or from the patient. It is to be understood that this list of exemplary sensing
device is not comprehensive or exclusive. On the contrary, the present invention
contemnplates using as sensor 54 any sensor device that detects a physiological
condition of the patient suitable for differentiating between the inspiratory and the
expiratory phases of the breathing cycle and that can output signals indicative thereof.
Other suitable sensing devices may measure, for example, the patient’s EMG activity
or may be acoustically based, to provide an indication of the patient’s respiratory state.
Power suppiy 52 is any power source suitable to prt;vide power to
control unit 50, respiration sensor 54 (if necessary) and the electrodes in dental
appliance 32. Examples, of suitable power supplies are conventional AC power and
batteries. Preferably, power supply 52 or control unit 50 includes safety features, such
as a fuse, surge protector, circuit breaker or optical isolation to prevent fluctuations in
the power supply from adversely affecting the electromuscular stimulation system.
Control unit 50 is any suitable processor that can receive an input, such
as the input from respiration sensor 54, and based thereon, cause an electrical
stimulation energy to be provided to the patient via the electrodes. Furthermore,
control unit 50 and/or power supply 52 collectively contain the necessary components

for providing electrical stimulation energy to the patient. For example, one
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embodiment of the present invention contemplates that control unit SO includes a
pulse generator that provides a series of pulses to the electrodes to stimulate the
patient, with the pulse generator being powered via power supply 52. Itis to be
understood, however, that power supply 52 can include all of the necessary
components for generating and shaping the puise wavefonn, with the control unit
providing the necessary components for gating the flow of the pulses from the power
supply. In addition, controi unit 50 includes circuitry or components for selecting
which electrodes are to receive the stimulation energy from the power supply. In Fig.
3, the electrodes are connected to the control unit via hardwires 92. The control unit
selects which conductors in hardwires 92 are to be provided with stimulation energy.
For example, one may desire to stimulate across electrodes 36-38 and thereafter across
electrodes 36-40. The control unit can be programmed to provide such a stimuiation

pattern by selecting the appropriate conductors to which to provide the electrical

energy and the appropriate timing pattern.

According to one embodiment of the present invention, control unit 50
includes manually operable actuating mechanisms, such as buttons, dials, knobs or
switches, for performing functions such,as activating and deactivating the unit, setting
the ranges for the output energy strength and/or duration, setting threshold values,
setting operating rnodes; setting pulse frequency and/or duty cycle and conducting
diagnostic routines on the electromuscular stimulating system. The present invention
also contemplates that a common control unit can be used in conjunction with a
plurality of sensors 54, a plurality of dental appliances 32, and/or a plurality of sensor-

dental appliance combinations. If one control unit is being used in conjunction with a
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plurality of sensors, a plurality of dental appliances, and/or a plarality of sensor-dental
appliance combinations, that control unit would include a plurality of additional
input/output interfaces for connecting the additional sensors, dental appliances, and/or

sensor-dental appliance combinations thereto.
The control unit can also be configured with any appropriate
input/output interface for exchanging data between the control unit and an external

source. For example, one or more interfaces can be provided for accessing,
modifying, or downloading data stored in the control unit. Such data exchange
interfaces can include, but are not limited to, an RS-232 port, modem, coaxial, optical
fiber, rf, infrared, ultrasonic, or other interfaces that permit data exchange between the
control unit and the external device. For example, data can be provided to the control
unit using manual mput devices, such as knobs, switches, buttons, and/or keypads
coupled to or integral with the control unit. Data can also be provided to, modified or
extracted from the control unit using an external computer that communicates with the
control unit using an appropriate interface.

Control unit 50 and/or dental appliance 32 can further include warming
devices, such as an audio indicator and/or a visual indicator, that inform the user, ora
person monitoring the user, of the condition of the patient and/or electromuscular
stimulating system 30. For example, an audio or visual warning can be generated if
the patient has stopped breathing for a predetermined period of time, has begun or has
stopped snoring, and/or has removed or inserted the dental appliance. Of course, an

appropriate sensor or plurality of sensors for sensing such conditions must be
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provided. For example, & galvanic sensor can be provided on the dental appliance to

detect when it is in contact with the patent.

As noted above, the present invention also contemplates providing
warning signals indicative of the status of the electromuscular stimulating system. For
exampie, an audio or visual warning signal can be generated if the dental appliance

exceeds a predetermined temperature, if the power provided to the control unit, the

sensors, or the dental appliance has been shut off, falls below a predetermined level or
exceeds a predetermined level, if the sensors or the electrodes are not working, have
become disconnected or fail to communicate with the control unit, and/or if there is a
short in the system.

In addition to or in place of the relatively simple audio/visual warning
indicators, other warning devices can be provided. For example, control unit 50 can
include circuitry for notifying a remotely located third party of the existence of the
condition causing the warning, using, for example, signals communicated via
telephone lines. Furthermore, the warning signals, as well as other signals indicative
of the condition of the patient and/or the electromuscular stimulating system that do
not constitute a warning, can be provided to a display device, such as a monitor or
LED. Such a display system may be particularly beneficial in a sleep lab setting
where a single control unit is being used to monitor and stimulate a plurality of
patients under the supervision of a sleep lab technician.

An example of the stimulation pulses provided to the patient via
electromuscular stimulating system 30 are shown in Fig. 4A. In the illustrated

embodiment, the simulation pulses are a series of bipolar pulses, each pulse having a
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positive peak 94 and a negative peak 96. The senes of bipolar pulses are in the form
of a pulse train having a period D and are provided across any two electrodes in the
same group of electrodes as a differential signal, so that a stimulating current passes
through the patient in an anterior-to-posterior or posterior-to-anterior direction. For
example, if the stimulation pulse is provided across electrodes 36 and 38 in electrode
group 34, the stimulating current passes through the patient between these two
electrodes. Because of the positioning of the electrodes within the oral cavity as
discussed above, these electrodes are in an anterior-to-posterior relation so that the
stimulating current flow through the patient 1s in an anterior-to-posterior or posterior-
to-anterior direction. It should be understood that the present invention contemplates
providing the stimulating pulse across any two electrodes in the same electrode group,
i.e., on the same side of the patient’'s oral cavity, such as between electrodes 36-38,
38-40 and 36-40, so long as the direction of stimulation is in an anterior-to-posterior
Or posterior-to-anterior direction.

The present invention contemplates providing a pulse train that
includes one or more stimulating pulses. The details of an exemplary embodiment of
a pulse train are discussed below with reference to Figs. 4A and 4B and the details of
the stimulation technique accbrding to one embodiment of the present invention are
discussed below with reference to Figs. SA-5D. 1t is to be understood that the
waveforms shown in these figures are not to scale. The characteristics of the
stimulating pulses in the puise train and the number of such pulses providing during a
stimulation interval D, which is the time period during which muscle stimulation is to

be achieved and corresponds to the duration of the pulse train, can vary depending on
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the amount of stimulating energy to be provided to the patient. For example, the
present invention contemplates providing a train of stimulating pulses, wherein each
pulse in the pulse train has the same general shape, as shown, for example, in Fig. 4B.
It is further preferable that the stimulation energy be provided to the patient using a
current controlled stimulation device, as opposed to a voltage controller, because it
has been discerned by the present inventors that the voltage of the pulse applied to the
patient tends to float or vary with the tissue characteristics, and, in particular, tissue
resistivity, of the patient.

The present invention further contemplates that the features of the
pulse train and/or the pulses in the pulse train, such as the amplitudes (positive and/or
negative) Ay, Az, A3, A, ..., Ap and durations T, T,, Ts,...,T, of the individual pulses
in the pulse train, the duty ratio of the stimulating pulses in the pulse train, as well as
duration D of the pulse train, can be varied to control the stimulation energy provided
to the patient. These vanables can be set by the control unit using any suitable
interface and commonly vary from patient to patient. A presently preferred
embodiment of a single stimulation puise is illustrated in Fig. 4B. In this
embodiment, the stimulation frequency is preferably in the range of 50-90 Hz.

It should be further noted that the shape of the pulses in the same pulse
train need not be the same. On the contrary, the present invention contemplates
providing a train of pulses (or a train having a single puise) wherein the pulses in the
pulse train have different or unique maximum peaks, minimum peaks, durations,
shapes, frequencies so long as the function of adequately stimulating the patient to

eliminate or reduce the breathing disorder without jeopardizing the health and safety
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of the patient are achieved. Of course, pulse shapes other than those illustrated in

Figs. 4A, such as a square, sine, or triangle wave, can be used so long as this purpose

is achieved.

For example, Fig. 4B illustrates a presently preferred embodiment of a
pulse 97 for use with the electromuscular stimulation system of the present invention.
Pulse 97 in Fig 4B has a positive peak value 99 of approximately 140 mV and a
negative peak value 101 of approximately -82 mV. It is to be understood, that these
values can vary depending on the stimulation energy to applied to the patient so long
as the energy level is sufficient to induce muscle contraction without causing pain.

By modifying the pulse shape, frequency and/or amplitude, the
stimulation energy provided to the patient can be controlled. For example, it may be
desirable, at least 1n some patients, to ramp the stimulation energy to its operating
level over period D to minimize the potential for patient arousal tt;at may result from

the sudden onset of muscle contraction.

The details of when stimulation commences and terminates according
to the present invention are discussed below with reference to Figs. 5A-5D. Fig. SA is
a waveform illustrating a flow signal 98 of a patient breathing normally, i.e., without
any perceptible breathing disorder. Typically, flow signal 98 is output by an airflow
meter, such as a pneumatach or thermister device, as discussed above. Fig. 5B is a
waveform illustrating a respiratory effort 100 of the patient producing flow signal 98
of Fig. SA. Fig. 5C is a waveform illustrating the EMG activity 102 of the phrenic
nerve (diaphragm). Fig. SD illusu-ates the stimulation pulses provided to the patient

according to an exemplary embodiment of the present invention.
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Conventional stimulation systems that trigger at the onset of
inspiration, time t;, attempt to synchronize the opening or the maintenance of the
patency of the airway with the action of the diaphragm, which is illustrated in Fig. 5C,
so that stimulation 1s provided as inspiration commences and continues during the
inspiratory period Insp. The present-invention, on the other hand, applies electrical

stimulation energy 104 to the patient, as shown, for example, in Fig. 5D, prior to the

onset of inspiration.

One reason for providing stimulation before to the start of inspiration
postulated by the present inventors is to counteract the collapsing forces that act on
the upper airrway. For example, once inspiration commences, a negative pressure is

developed in the airway. This negative pressure tends to cause the airway to collapse
or reduce in cross sectional area. It 1s believed that if stimulation is provided after the
negative pressure has induced collapse, a greater level of stimulation energy will be

needed to overcome the collapsing forces than if stirnulation is provided prior to

collapse.

In addition, the present inventors postulate that in order to prevent
airway collapse in the first place, 1t is preferable to make the cross-sectional area of
the airway as large as possible before inspiratory flow begins in the airway. It can be
appreciated that a reduction in the cross-sectional area of the airway increases the
resistance to inspiratory flow, which, in turn, increases the negative pressure in the
airway that urges the airway to collapse. If stimulation is applied prior to inspiration,
the airway is prevented from reducing in cross-sectional area to thereby minimize the

resistance to air flow. Minimizing the resistance to airflow improves airflow, thereby
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reducing negative pressure that potentially causes the airway to collapse. For these

reasons, the present invention induces contraction in the muscular associated with the
upper airway before a collapsing force, such as the negative pressure developed during

inspiration, has the opportunity to cause the airway to collapse.

The present inventors also discovered that in some patients, once a
collapse or reduction in the airway has taken place, it is relatively difficult to open the
airway by inducing contraction in the upper airway muscles. Although it is not clear
why this is the case, the present inventors suggest that once collapse has occurred, the
amount of tissue mass that must be moved is prohibitively large. Also, the action of
the respiratory muscles in attempting to continue respiration may cause a vacuum to
be created that tends to urge the airway tissues together, thereby making it especially
difficult for an electrically induced contraction to be effective in opening the airway.
Furthermore, the mucus-like characteristics of airway may cause é sealing effect, that
also makes it especially difficult for an electrically induced contraction to be effective
In opening the airway.

A preferred embodiment of the present invention provides stimulation
to the target muscles at time tz, which is between 100ms and 200ms prior to the onset
of inspiration. This time period 1s selected as a balance between (1) the need to
commence stimulation at a time sufficiently prior to the onset of inspiration to achieve
the above functions while (2) minimizing muscle fatigue as a result of the stimulation.
Thus, the present invention contemplates providing electrical stimulation at a time
prior to inspiration that achieves these functions and is not intended to be limited to

the 100ms-200ms window noted above.
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Causing the sumulation energy to be provided prior t6 inspiration and,
preferably, within the 100ms and 200ms time frame, can be accomplished in a variety
of ways. For example, flow signal 98 and/or effort signal 100 can be used to
determine when the patient is at an appropriate trigger point in the expiratory phase.
In an exemplary embodiment of the present invention, the control system determines

when flow signal 98 approaches O at the end of the expiratory period and causes the

electrical stimulation to commence when a distance x of airflow signal 98 from zero at
the end of the expiratory period corresponds to time t;. A suitable method for
determining when flow signal 98 is at a point correspondiﬁg to t; includes comparing
the inhale volume to the exhale volume and triggering when the exhale volume is an
appropriate percentage of the inhale volume. It is also possible to compare the inhale
time duration to the exhale time duration and trigger when the exhale time duration is

an appropr: ate percentage of the inhale time duration.

Simiiarly, another embodiment of the present invention determines
when time t; is reached based on effort signal 100 of Fig. SB. For example, the
control system of the present invention can determine, using a variety of techniques,
when effort signal 100 is a distance y from a point corresponding to time t; and cause
the electrical stimulation to commence at a time corresponding to time t;. Suitable
exemplary methods for determining when effort signal 100 is at a point y
corresponding to t; include trigging when signal 100 reaches a threshold value
corresponding to point ts, trigging a fixed time period after the slope of signal 100
becomes negative or after some other reference point, such as a peak, zero crossing or

minimum or triggering after a fixed duration of the respiratory cycle. The present
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invention further contemplates adjusting the trigger point using a multiplying factor to

control the target point or threshold.

The length of time that stimulation energy is provided to the patient
should be long enough so that the stimulation energy recruits a sufficient amount of
muscle fiber to cause the targeted muscle to contract while minimizing muscle fatigue
as a result of the stimulation. It is also preferable that the muscle be maintained in a
contracted state during the portion of the inspiratory period where airway collapse is
most likely to take place. For example, a presently preferred embodiment of the
present invention contemplates continuing to provide stimulation during a major
portion of the inspiratory phase of the breathing cycle, i.e., for more than half of the
inspiratory period Insp. This 1s accomplished, for example, based on the elapse of
time following the application of stimulation so that stimulation stops at time ts,
which is at or after a midpoint M of the inspiratory cycle. It is to be understood,
however, that the present invention contemplates triggering the cessation of
stimulation based on the respiratory characteristics of the patient, using, for example,
flow and/or effort signal 98 and 100, so long as stimulation is applied to the patient
for a period of time that is long enough to maintain airway patency during the critical
portion of the inspiratory period but not so long that muscle fatigue results.

Furthermore, the present invention provides the stimulation energy to
the patient at a level sufficient to induce muscle contraction, but not sufficient to
cause the patient pain. This is accomplished, for example, by controlling the duty
ratio, frequency and amplitude of the stimulation pulses provided by the system during

each stimulation interval 105. The physical characteristics of the patient, such as the
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ability of the muscles to contract and pain tolerance, which are patient dependent, are

controlling conditions in determining an appropriate stimulation energy to provide to a

patient.

By controlling the onset of stimulation to (1) begin during at a time that
satisfies the above functions and (2) continues through at least a portion of the
inspiratory phase, (3) at a level that induces muscle contraction but does not cause
pain, and (4) in an anterior-to-posterior or posterior-to-anterior direction sublingually
in the patient mouth, the present invention is believed to provide optimal stimulation
results. The present invention further contemplates that one or more of the electrodes
need not be disposed posterior to the frenulum, as discussed above, so long as the
above-described four-part stimulation technigue is followed.

The present invention also contemplates stimulating the patient upon
detecting the occurrence of a breathing disorder. Stimulation based on the occurrence
of a breathing disorder can be performed in place of or in addition to the respiration
based stimulation method described above. Stimulating based on the occurrence of a

breathing disorder, when used in conjunction with above respiration based stimulation

timing technique, provides a safety feature in that if the patient experiences an apnea

or snoring, even in the presence of the above-described respiration based stimulation
timing technique, stimulation can be provided to break or minimize the apnea or
snoring. Of course, in order for the present invention to perform stimulation based on
the occurrence of a breathing disorder, control unit 50, for example, must be
configured to detect the breathing disorder, which can be accomplished using any

suitable paradigm, to initiate the stimulation upon detecting the breathing disorder,
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and to cease stimulation once the disorder is reduced below a predetermined threshold
or ceases. If necessary, additional sensors, such as microphone or pressure transducer,

can be provided to detect the breathing disorder.

The present invention further contemplates controlling the application,
changes 1n intensity, and cessation of stimulation based on other criteria. For

example, the present invention contemplates delaying the application of stimulation

energy to the patient after the electromuscular stimulation system has been activated,
so that the patient has the opportunity to fall asleep prior to the start of the stimulation
therapy. This can be accomplished. for example, by causing a timer to be activated.
either manually or automatically upon activation of the stimulation system, and once
the time counts out a predetermined time interval, initiating the stimulation therapy.
Thuas therapy delay feature can also be based on a conventional clock so that the user
can set the therapy to begin at any preselected time during the nighta Similarly, the
electromuscular stimulation system of the present invention can cease application of
the stimulation after the passage of a selectable time period so that stimulation ceases
before the patient typically awakes, thereby preventing the user from being awaken by
the stimulation therapy. This delay in tuming off the stimulation therapy can be based
on a time interval or based on a conventional clock.

The present invention also contemplates controlling the stimulation
energy applied to the patient in a variety of ways to maximize patient comfort. For
example, one embodiment of the present invention contemplates incrementally
increasing the intensity of the stimulation energy being delivered to the patient

following the actuation of the stimulation system. Typically, this incremental increase
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in stimulation energy takes place over a number of minutes to allow the patient time to
fall asleep without a significant stimulation energy being delivered. The incremental

increase can be linear or can take place in discrete steps. Furthermore, this increase

can take place in place of or after the delay period discussed above and is analogous to
the ramp feature found in conventional pressure support devices, e.g., CPAP, devices.

Another embodiment of the present invention contemplates
incrementally decreasing the intensity of the stimulation energy being delivered to the
patient. This decrease can take place in place of or before the delay in turning off the
stimulation therapy discnsséd above. The intensity of the stimulation can also be
controlled based on the patient’s sleep stages, assuming, of course, that the
appropriate sensors and control systems are provided to detect and classify the
patient’s sleep stages.

The present invention further contemplates providing various methods
for interrupting the stimulation therapy. For example, a pause function that stops
stimulation therapy can be initiated by manually actuating an input device, such as a
button, on the control unit or by actuating a remote input device. The stimulation
therapy can also be interrupted automatically, if, for example, a malfunction is
detected or if the patient removes the dental device from their mouth. Restart of the
stimulation therapy can begin automatically, after the elapse of a fixed or selectable
time period or once the dental device is reinserted into the mouth, for example, or by |
manually actuating the input device, i.e., actuating an input button or a remote control.
Restart of the stimulation therapy can begin at the stimulation energy levels existing

prior to the pause, at the initial energy level, or at some other preselected level. In
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addition, the stimulation therapy delay function and/or the incremental intensity

variation function can be instituted during the restart so that the user again has the

opportunity to fall asleep in the absence of any stimulation therapy or in the absence

of significant stimulation.

The present invention also contemplates providing a safety feature in
which a maximum stimulation energy that can be provided to the patient is set. This
can be accomplished via control unit 50. This stimulation energy provided to the
patient will not exceed the set maximum regardless of the stimulation energy set by
the user on the control unit. It is preferable that the means by which the maximum
stimulation energy is set 1s not readily accessible so that it cannot be altered
inadvertently or tampered with by the user. The use of a password that must be input
in order to alter the maximum setting 1s an example of such a security/safety feature.

In still another embodiment of the present inventioe, the
electromuscular stimulation system 1s provided with an automatic turn-on and/or an
automnatic turn-off feature. This provides the advantages of simplifying the operation
of the system and conserving power, for example. Sensors on the dental appliance, * ™
such as a temperature sensor or galvanic type sensor can detect when the appliance is
inserted into the patient’s mouth. The output of these sensors are used to control the.
actuation and deactivation of the stimulation system of the application and cessation
of the stimulation therapy.

With the growing popularity of managed healthcare, healthcare
providers are becoming more concerned that the patients actually use the prescribed

therapy devices. To meet this concern, the present invention monitors patient
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compliance by storing information regarding the use of the electromuscular
stimulator, such as the amount of time that the unit was tumed on or that the dental

appliance was in contact with the patient and/or the amount of time that stimulation

energy was provided to the patient.

In one embodiment discussed above, stimulation energy is provided
once an apneic event is detected. In another embodiment, stimulation energy is
provided in synchronization with the patient’s respiratory cycle. These, features of the
present invention provide a relatively reliable and accurate indication of the actual
usage of the electromuscular stimulator.

Furthermore, because the electromuscular stimulator is capable of
communicating with external devices using a modem, for example, patient
compliance can be remotely monitored by the healthcare provider with little or no
patient involvement. This same remote patient compliance monitoﬁng feature aiso
permits the healthcare provider to monitor and/or control the operating status of the
stimulator, for example, by causing the device to run a diagnostic routine and reports
the results of that routine or change the operating setting of the device.

One embodiment of the present invention contemplates that each
component of electromuscular stimulation system 30 illustrated in Fig. 3 is separate
and isolated from the other components. For example, control unit 50 is provided in a
housing that sits at the patient’s bedside, power supply 52 is the AC power available
from a conventional outlet, respiration sensor 54 is a device externally attached the
patient at a first location, and dental appliance 32 is inserted in the patient’s mouth. It

1s to be understood, however, that each component need not be physically separated
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from the other components. On the contrary, depending on the type, the sensor may
be provided on the dental application and/or the power supply may be included in the
control unit. In another embodiment of the present invention, all of the components
are provided on the dental appliance and contained in the patient’s mouth during

normal operation. Fig. 6 illustrates such an embodiment.

As shown in Fig. 6, dental appliance 106 includes a support member

108 that carries control unit 50, power supply 52, respiration sensor 54, and two

groups 110 and 112 of electrodes, one group located on each lateral arm. Each group
of electrodes, unlike the groups of electrodes illustrated in the previous figures,
contains only two electrodes. However, as in the previous embodiment, the electrodes
in groups 110 and 112 are disposed on the support member such that one electrode is

posterior to the other electrode when the dental appliance is properly inserted in the

patient’s mouth.

Other than being miniaturized to fit on or within the support member
and, hence, in the patient’s mouth, control unit 50, power supply 52, and respiration
sensor 54 are 1dentical to those discussed above. It is to be understood, however,
some of the components or sub-assemblies of one or more components of the
electromuscular stimulating system may be provided at locations other than on or in
the dental apphiance. For example, depending on the type of respiration sensor used,
the present invention contemplates that the respiration sensor be located at positions
on or in the patient other than within the mouth. More specifically, a belt or sensor
that measures the displacement of the chest may be provided at or around the patient’s

thorax and communicates, either using wires or wirelessly, with the control unit
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and/or a receiver provided on the dental appliance. Finally, the dental appliance of
Fig. 6 includes a pair of attaching members 114 and 116 for scéuring the dental
appliance within the mouth. The attaching members illustrated in Fig. 6, unlike the
wire-like devices in Fig. 1, are moldable, relatively rigid flaps that can be customized
to match the patient’s teeth.

The present invention further contemplates that each component in the
electromuscular stimulating system communicates, as shown in Fig. 3 or Fig. 6, via
hardwires, or, if appropnate, wirelessly. For example, sensor 54 can wirelessly
communicate with control unit 50 or with a receiver or transceiver coupled to the
control unit. The present invention also contemplates, for example, providing the
power supply on the dental appiiance and remotely controiling the application of
stimulation energy from the power supply to the electrodes via the control unit, which
is not mounted on the dental appliance. This embodiment, like that of Fig. 6, is
particularly advantageous in that there are no wires passing into the patient’s mouth.

In the previous embodiments of the present invention, the
electromuscular stimulating system is the sole means for treating the patient’s
breathing disorder. It is to be understood, however, that the present invention
contemnplates using the electromuscular stimulating system in conjunction with other
techniques for treating breathing disorders. For example, Fig. 7. illustrates the use of
electromuscular stimulating system 30 with a pressure support system 120 that applies
positive air pressure at the mouth and/or nose of the patient to “splint” the airway. It
is believed that the electromuscular stimulation will reduce the pressures necessary to

be provided by the pressure support system 120 in order to splint the airway and treat
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the breathing disorder. It is well recognized that the pressure needed to be provided to

the patient by the pressure support device to treat the breathing disorder should be

kept as low as possible.

The present invention contemplates that the electromuscular
stimulating system 30 of the present invention can be used in conjunction with most,
if not all, conventional prcssure support systems. Such pressure support systems
typically include a pressure generator 122 that generates a gas flow, a conduit 124 that
carries the gas flow to the patient, and a patient interface device 126 that
communicates the conduit with the patient’s airway. Examples of pressure support
devices that are used in conventional prcssure support systems include a CPAP
(continuous positive airway pressure) device, bi-level devices, which provide variable
levels of pressure support during the patient’s respiratory cycle, such as the
Respironics BiPAP® devices, PAV® devices and PPAP devices. Examples of suitable
patient interface devices include nasal masks, oral appliances, nasal/oral masks, full
face masks, hoods, nasal cannulas, trachea tube, and any other device that
communications a gas flow with the patient’s airway.

The present invention also contemplates providing the electromuscular
stimulation 1n addition with other medical treatments. f’or example, Figs. 8A and 8B
illustrate an intraoral dental appliance 130 that provides electromuscular stimulation
and oral positive airway pressure to a patient according to the principles of the present
Invention. Dental appliance 130 includes a mouthpiece 132 that attaches to the
patient’s teeth. In a preferred embodiment of the present invention a superior surface

134 of mouthpiece 132 attaches to the upper teeth and an inferior surface 136 attaches
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to the lower teeth. In addition, surfaécs 134 and 136 are preferably moldable or
customizable to correspond to the dental pattern of the patient.

Mouthpiece 132 includes an orifice 138 passing therethrough to
provide a channel for passing a breathing gas, such as air, from an external breathing
gas source to the airway of the patient. The external breathing gas source can be any
suitable pressure support device, such as the pressure support devices discussed above
or a pressurized container of gas. In the illustrated embodiment, a connector 140 is
coupled to one end of the orifice and a flexible tube 142 is coupled to the other end.
Connector 140 provides a connection for attaching dental appliance 130 to a breathing
circuit (not shown). Flexible tube 142 is configured so as to overly the patient’s
tongue when the dental appliance 1s properly positioned with the patient’s oral cavity.
Flexible tube 142 directs the breathing gas provided by the external source over the
patient’s tongue to the airway to, among other things, minimize drying of the tongue
and provide the pressurized gas as directly as possible to the patient’s airway. The
present invention contemplates that the length, configuration, and materials for
connector 140 and flexible tube 142 can vary so long as the above objects are
achieved.

Dental appliance 130 also includes a pair of .clectrode Support
structures 144 coupled to mouthpiece 132 for supporting electrodes 146; The present
invention contemplates that support structures 144 can have a variety of
configurations so long as the support functions discussed above are achieved.
Namely, electrodes 146 should be moveable in a direction indicated by arrow 148

(perpendicular to surfaces 134 and 136) and not substantially moveable in other
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directions, i.e., laterally or in a front-to-back direction , so that the electrodes are held
against the floor of the mouth posterior to the frenulum during use.

In the illustrated embodiment, each electrode support structure 144
includes a substrate 150 attached to mouthpiece 132 via a- ‘support arm 152.
Electrodes 144 are disposed on the inferior side of substrate 150. It is to be
understood, however, that substrate 150 can be eliminated so that the electrodes are
attached directly to the mouthpiece using one or more support arms. However,
substrate 150 is beneficial in that it serves as an insulator to ensure that electrical
stimulation 1s provided only to those locations where desired. It is to be understood
that the present invention contemplates that substrate 150 and support arm152 can
have a vanety of configurations or include one or more components. In addition, the
attachment point and means for attaching the various components qf‘ the electrode
support structure can be any suitable point or attaching mechanism so long as the

functions of the support structures are provided.

Figs. 9A and 9B another variation in which the electrical stimulation
techniques are used in conjunction with breathing disorder treatment. More
specifically, Fig. 9A and 9B illustrate an intraoral dental appliance 160 that provides
electromuscular stimulation according to the principles of the present invention and
mandibular position control.

The partial or complete, intermittent airway obstruction that occurs
during sleep in some OSA sufferers is caused or exacerbated by anterior movement of
the lower jaw, referred to as the mandible, during sleep. To prevent mandibular

movement that may adversely affect the airway opening, it is known to provide a
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mandibular positioning dental appliance to control the position of the jaw. A further
embodiment of the present invention incorporates the electromuscular stimulation
system into 2 mandibular positioning appliance.

Figs. 9A and 9B are rear perspective and side views of an exemplary
embodiment of a dental appliance 160 that includes the mandibular positioning
function discussed above and the electromuscular stimulation function according to
the principles of the present invention. Mandibular positioning dental appliance 160
includes a mouthpiece 162 that attaches to the patient’s upper and lower teeth.
Mouthpiece 162 includes two components, an upper member 164 that attaches to the
patient’s upper teeth or bone structure and a lower member 166 that attaches to the
teeth or jaw. More specifically, a superior surface 168 of upper member 164 attaches
to the upper teeth and an inferior surface .l 70 of lower member 166 attaches to the
lower teeth. Surfaces 168 and 170 are preferably moldable or custbmizable to
correspond to the dental pattern of the patient so that the upper and lower members
securely attach to the patient. An infenor surface 172 of upper member 164 generally
faces a superior surface 174 of lower member 196. A mechanical linkage 176 couples
upper member 164 and lower member 166 to one another and controls or limits the
movement of one member relative to the other at least in certain directions. In a
preferred embodiment of the ptcsent invention, at least one spacer 177 is provided at
the anterior portion of the mouthpiece and attached to the upper member or lower
member to maintain a comfortable spacing between these members. It is to be

understood that one or more spacers can be provided at other locations within the
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mouthpiece and that the spacer or spacers can be formed integrally with the

mouthpiece member.

In a preferred embodiment of the present invention, linkage 176, which
is preferably provided on both lateral arms of the mouthpiece for stability, permits at
least imited movement of lower member 166 relative to ﬁppcr member 164 in a
direction mndicated arrows 178. However, linkage 176 limits movement of lower
member 166 relative to upper member 164 in a direction 180 to a certain
predetermined range so that the patient’s jaw, which is attéched to lower member 166,
does not move postenorly relative to the upper member more than a predetermined
amount. The predetermined amount is an amount which, if exceeded, tends to result
in a reduction or blockage of the airway. Thus, the mandibular positioning feature
allows for movement of the lower member relative to the upper member but permits
only limited movement of the Jower member in the direction of arréw 180 relative to
the upper member to prevent the patient’s jaw from moving posteriorly relative to the

upper teeth to a degree that might result in airway collapse or reduction.

While control of the movement of the lower member relative to the
upper member is provided in the illustrated embodiment via a mechanical linkage, it is
to be understood that the present invention is not limited to this example of a position
control mechanism. For example, the present invention contemplates that the upper
member and the lower member can be ﬁxed to one another, as in the embodiment
illustrated in Figs. 8A and 8B, for example. If desired, the upper and lower members
can be fixed to one another in an offsetting relation to provide a desired mandibular

positioning. In these embodiments, an airway, such as orifice 138, can be provided to
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allow the patient to breath through the mouth. Of course, if the patient breaths

through the nose, such an orifice is not needed.

As in the embodiment illustrated in Figs. 8A and 8B, dental appliance
160 includes a pair of electrode support structures 144 coupled to mouthpiece 162 for
supporting electrodes 146. The configuration for the support structures and/or the
clcétrodes, the placement location of the support structures on the mouthpiece and
attachment mechanism, the functions and ﬂ;c support structures and alternative
configurations are the same as those discussed above with respect to Figs. 8A and 8B.
Therefore, detailed descriptions of these embodiments and modifications are omitted
from the present discussion of Figs. 9A and 9B for simpliéity.

Although the invention has been descnbed in detail.for the purpose of
illustration based on what 1s currently considered to be the most practical and
preferred embodiments, it 1s to be understood that such detail is soiely for that purpose
and that the tnvention is not limited to the disclosed embodiments, but on the
contrary, is intended to cover modifications and equivalent arrangements that are

within the spirit and scope of the appended claims.
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CLAIMS:
1. An electromuscular stimulation device comprising;

a first member adapted to engage a structure associated with a patient's
upper dentition;

a second member adapted to engage a structure associated with such a
patient's mandible;

a first electrode supported by the first member or the second member 1n a
sublingual position posterior to a frenulum and generally proximate to one of a
first molar, a second molar and a third molar of such a patient;

a second electrode supported by the first member or the second member
in a sublingual position posterior relative to the first electrode; and

a connecting assembly connecting the first member and the second
member so as to limit movement of the first member relative to the second
member, thereby controlling a position of such a patient's mandible relative to

the upper dentition during use of the electromuscular stimulation device.

2. The device of claim 1, wherein the first member is adapted to engage
such a patient's upper teeth, and wherein the second member 1s adapted to

engage such a patient's lower teeth.

3. The device of claim 1 or 2, wherein the first electrode and the second
electrode are supported by the second member such that the first electrode and

the second electrode are disposed on a same side of a patient's oral cavity.

4. The device of any one of claims 1 to 3, wherein the connecting assembly

is a mechanical linkage between the first member and the second member.
5. The device of any one of claims 1 to 3, wherein the connecting assembly

is defined by fixing the first member and the second member in an engaged

relation.
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6. The device of any one of claims 1 to §, further comprising a passageway
defined between the first member and the second member that communicates

an airway of such a patient with a supply of breathing gas.

7. The device of claim 1 or 2, wherein the first electrode and the second
electrode are supported by a common support member operatively coupled to

the second member.

8. An electromuscular stimulating system comprising:
(1) an intraoral dental appliance, comprising:

a first member adapted to engage a structure associated
with a patient's upper dentition,

a second member adapted to engage a structure associated
with such a patient's mandible,

a first electrode supported by the first member or the
second member in a sublingual position posterior to a frenulum and generally
proximate to one of a first molar, a second molar and a third molar of such a
patient,

a second electrode supported by the first member or the
second member in a sublingual position posterior relative to the first electrode,
and

a connecting assembly connecting the first member and the
second member so as to limit movement of the first member relative to the
second member, thereby controlling a position of such a patient's mandible
relative to the upper dentition during use of the intraoral dental appliance; and

(2) a stimulation unit operatively coupled to the first electrode and
the second electrode to provide stimulating energy to a portion of such a
patient via the first and the second electrodes such that stimulation of such a
portion of a patient takes place in an anterior-to-posterior direction or a

posterior-to-anterior direction.
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9. The system of claim 8, wherein the first electrode and the second
electrode are supported by the second member such that the first electrode and

the second electrode are disposed on a same side of a patient's oral cavity:.

10. The system of claim 8 or 9, wherein the connecting assembly is a

mechanical linkage between the first member and the second member.

11. The system of claim 8 or 9, wherein the connecting assembly is defined

by fixing the first member and the second member in an engaged relation.

12.  The system of any one of claims 8 to 11, further comprising a
passageway defined between the first member and the second member that

communicates an airway of such a patient with a supply of breathing gas.

13.  The system of any one of claims 8 to 12, further comprising a sensor
adapted to detect a physiological characteristic, of such a patient and to provide
a signal to the stimulation unit indicative of the physiological characteristic,
and wherein the stimulation unit controls the energy provided to the first and

the electrodes based on the signal from the sensor.

14. The system of claim 12, wherein the supply of breathing gas comprises a
pressure generator and a conduit having a first end operatively coupled to the

pressure generator and a second end operatively coupled to the passageway.

15. A system for treating a breathing disorder comprising:

electromuscular stimulating means for providing electrical energy to a
sublingual location of a patient; and

mandibular positing means for controlling a position of such a patient's

mandible relative to an upper dentition of such a patient.
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16. The system of claim 15, wherein the electromuscular stimulating means
includes positioning means for locating a first electrode and a second electrode
in sublingual positions within a patient's oral cavity such the second electrode
1s located in a position posterior to the first electrode to deliver the electrical

energy in an anterior-to-posterior direction or a posterior-to-anterior direction.

17. The system of claim 15, wherein the electromuscular stimulating means
includes positioning means for locating a first electrode and a second electrode

on a same side of a patient's oral cavity.

18. The system of claim 15, wherein the electromuscular stimulating means
includes positioning means for locating a first electrode and a second electrode

posterior to a frenulum.

19. The system of any one of claims 15 to 18, wherein the mandibular
positing means comprises:

a first member adapted to engage a structure associated with a patient's
upper dentition;

a second member adapted to engage a structure associated with such a
patient's mandible; and

means for limiting movement of the first member relative to the second
member, thereby controlling a position of such a patient's mandible relative to

the upper dentition.

20. The system of any one of claims 15 to 19, further comprising means for

providing a positive pressure to an airway of such a patient.

21. The system of claim 15, wherein the electromuscular stimulating means
includes:
respiration detecting means for detecting an inspiratory phase and an

expiratoty phase of a patient; and
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means for controlling a delivery of electrical energy such that electrical
stimulation occurs at a stimulation start time prior to onset of the inspiratory

phase and continues through at least a portion of the inspiratory phase.

22. A use of electrical energy for treating a breathing disorder wherein the
electrical energy is applicable to a sublingual location of a patient, and a
position of a mandible of the patient is controllable relative to an upper

dentition of the patient.

23. The use of claim 22, wherein the electrical energy i1s applicable by a first
electrode and a second electrode positionable in sublingual positions within an
‘oral cavity of the patient such that the second electrode is located in a position
posterior relative to the first electrode; and

an electrical stimulation is applicable via the first electrode and the
second electrode so as to deliver electrical energy to the patient in an anterior-

to-posterior direction or a posterior-to-anterior direction.

24. The use of claim 22, wherein the electrical energy is applicable by a first
electrode and a second electrode locatable on a same side of an oral cavity of

the patient.

25. The use of claim 22, wherein the electrical energy is applicable by a first

electrode and a second electrode locatable posterior to a frenulum.

26. The use of claim 22, wherein the position of the mandible is controllable
by a first member engageable with a structure associated with an upper
dentition of the patient a second member engageable with a structure
associated with the mandible wherein movement of the first member relative to

the second member 1s lIimitable.
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27. The use of any one of claims 22 to 26, further comprising a positive

pressure applicable to an airway of the patient.

28. The use of claim 22, wherein a delivery of the electrical energy 1s
controllable such that electrical stimulation occurs at a stimulation start time
prior to onset of an inspiratory phase of the patient and continues through at

least a portion of the inspiratory phase.

29. An intraoral electromuscular stimulation device adapted to provide
intraoral electrical stimulation to a patient, the device comprising:

a first electrode;

‘a first support member adapted to support the first electrode in a

sublingual location within a patient's oral cavity;

a second electrode;

a second support member adapted to support the second electrode 1n a
sublingual location within such a patient's oral cavity;

a sensor adapted to detect a respiratory parameter of such a patient and to
output a signal indicative thereof; and

a control unit operatively coupled to the sensor, the first electrode and the
second electrode, wherein the control unit (1) receives the signal from the
sensor and distinguishes between mspiration and expiration of such a patient
based thereon, (2) initiates an electrical stimulation of such a patient in an
anterior-to-posterior of posterior-to-anterior direction via the first and the
second electrodes at a stimulation start time between 100-200 ms prior to onset
of inspiration, and (3) continues stimulation through at least a portion of

inspiration.

30. The device of claim 29, wherein the first support member and the second

support member are coupled to one another.
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31. The device of claim 29, wherein the first support member and the second
support member are configured and arranged such that the second electrode 1s

disposed in a position posterior relative to the first electrode.

32. An intraoral electromuscular stimulation device adapted to provide
intraoral electrical stimulation to a patient, the device comprising:

a first electrode;

a first support member adapted to support the first electrode in a
sublingual location within a patient's oral cavity posterior to a frenulum and
generally proximate to one of a first molar, a second molar, and a third molar
of such a patient;

a second electrode;

a second support member adapted to support the second electrode in a
sublingual location within such a patient's oral cavity and posterior relative to
the first electrode;

a sensor adapted to detect a respiratory parameter of such a patient and to
output a signal indicative thereof; and

a control unit operatively coupled to the sensor, the first electrode and the
second electrode, wherein the control unit (1) receives the signal from the
sensor and distinguishing between inspiration and expiration of such a patient
based thereon, (2) initiates an electrical stimulation of such a patient in an
anterior-to-posterior of posterior-to-anterior direction via the first and second
electrodes at a stimulation start time prior to onset of inspiration, and (3)

continues stimulation through at least a portion of inspiration.
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