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Description

TECHNICAL FIELD

[0001] The present disclosure relates generally to a
system and method for treating sleep disorders and,
more particularly, to a system and method for treating
obstructive sleep apnea.

BACKGROUND

[0002] Preterm Obstructive sleep apnea (OSA) is high-
ly prevalent, affecting one in five adults in the United
States. One in fifteen adults has moderate to severe OSA
requiring treatment. Untreated OSA results in reduced
quality of life measures and increased risk of disease
including hypertension, stroke, heart disease, etc. Con-
tinuous positive airway pressure (CPAP) is a standard
treatment for OSA. While CPAP is non-invasive and high-
ly effective, it is not well tolerated by patients. Patient
compliance for CPAP is often reported to be between
40% and 60%. Surgical treatment options for OSA, such
as anterior tongue muscle repositioning, orthognathic bi-
maxillary advancement, uvula-palatal-pharyngoplasty,
and tracheostomy are available too. However, they tend
to be highly invasive (result in structural changes), irre-
versible, and have poor and/or inconsistent efficacy.
Even the more effective surgical procedures are unde-
sirable because they usually require multiple invasive
and irreversible operations, they may alter a patient’s ap-
pearance (e.g., maxillo-mandibulary advancement),
and/or they may be socially stigmatic (e.g., tracheosto-
my) and extensive morbidity.
[0003] US 2011/230702 A1 describes a device, sys-
tem and method for treating sleep apnea.
[0004] Aspects of the invention are set out in the ap-
pended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The foregoing and other features of the present
disclosure will become apparent to those skilled in the
art to which the present disclosure relates upon reading
the following description with reference to the accompa-
nying drawings, in which:

Fig. 1 is a schematic illustration of a system for treat-
ing obstructive sleep apnea (OSA) constructed in
accordance with one aspect of the present disclo-
sure;
Fig. 2 is a schematic illustration showing a power
source of the system in Fig. 1 configured as a chin
strap;
Fig. 3 is a schematic illustration of a closed-loop sys-
tem for treating OSA according to another aspect of
the present disclosure;
Fig. 4 is a perspective view of a system for treating
OSA configured as a chin implant;

Fig. 5 is a cross-sectional view taken along Line 4-4
of the chin implant in Fig. 4;
Fig. 6A is a frontal view of a human skull and man-
dible with the chin implant of Fig. 4 correctly posi-
tioned;
Fig. 6B is a profile view of the skull depicted in Fig. 6A;
Fig. 7 is a process flow diagram illustrating a method
for treating OSA according to another aspect of the
present disclosure;
Fig. 8 is a schematic illustration showing the neu-
romuscular stimulator in Fig. 1 implanted in a subject;
Fig. 9 is a schematic illustration showing a magnified
view of the neuromuscular stimulator in Fig. 8;
Fig. 10 is a schematic illustration showing the neu-
romuscular stimulator in Fig. 9 implanted in the sub-
ject; and
Fig. 11 is a process flow diagram illustrating a meth-
od for treating OSA in a subject according to another
aspect of the present disclosure.

DETAILED DESCRIPTION

Definitions

[0006] Unless defined otherwise, all technical and sci-
entific terms used herein have the same meaning as is
commonly understood by one of skill in the art to which
the present disclosure pertains.
[0007] In the context of the present disclosure, the
terms "modulate" or "modulating" can refer to causing a
change in neuronal and/or muscle activity, chemistry,
and/or metabolism. The change can refer to an increase,
decrease, or even a change in a pattern of neuronal
and/or muscle activity. The terms may refer to either ex-
citatory or inhibitory stimulation, or a combination thereof,
and may be at least electrical, magnetic, optical or chem-
ical, or a combination of two or more of these.
[0008] As used herein, the term "electrical communi-
cation" can refer to the ability of an electric field generated
by an electrode or electrode array to be transferred, or
to have a neuromodulatory effect, within and/or on a tar-
get tissue, such as a muscle or nerve.
[0009] As used herein, the term "subject" can refer to
any warm-blooded organism including, but not limited to,
human beings, pigs, rats, mice, dogs, goats, sheep, hors-
es, monkeys, apes, rabbits, cattle, etc.
[0010] As used herein, the terms "obstructive sleep ap-
nea" or "OSA" can refer to a breathing disorder that oc-
curs primarily during sleep with consequences that may
persist throughout the waking hours in the form of sleep-
iness. OSA can be characterized by periodic collapse of
the upper airway during sleep with apneas, hypopneas,
or a continuous or sustained reduction in ventilation and
excessive daytime sleepiness, neurocognitive defects
and depression.
[0011] As used herein, the term "treating" can refer to
therapeutically regulating, preventing, improving, allevi-
ating the signs and symptoms of, and/or reducing the
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effects of a sleeping disorder, such as OSA and oropha-
ryngeal airway obstruction. The term can also refer to
chronic or acute treatment.
[0012] As used herein, the term "therapy signal" can
refer to an electrical and/or chemical signal that is deliv-
ered to a target tissue and is capable of modulating (e.g.,
electrically modulating) the target tissue and/or a bodily
organ (e.g., a tongue) associated with the target tissue.
[0013] When an element or structure is referred to
herein as being "on," "engaged to," "connected to," "at-
tached to", or "coupled to" another element or structure,
it may be directly on, engaged, connected or coupled to
the other element or structure, or intervening elements
or structures may be present. In contrast, when an ele-
ment is referred to as being "directly on," "directly en-
gaged to," "directly connected to," or "directly coupled to"
another element or structure, there may be no intervening
elements or structures present. Other words used to de-
scribe the relationship between elements should be in-
terpreted in a like fashion (e.g., "between" versus "directly
between," "adjacent" versus "directly adjacent," etc.).

Overview

[0014] The present disclosure relates generally to a
system and method for treating sleep disorders and,
more particularly, to a system and method for treating
OSA. As shown in Fig. 1, one aspect of the present dis-
closure can include a system 10 for treating a sleeping
disorder, such as OSA. OSA affects almost every system
in the body and, in some individuals, can result in in-
creased incidence of cardiovascular disease. As dis-
cussed in more detail below, the present disclosure pro-
vides a minimally invasive, implantable system 10 con-
figured to modulate one or more muscles of the anterior
lingual musculature 12 (Fig. 8) and thereby open airflow
and prevent or mitigate obstruction during sleep. Advan-
tageously, the present disclosure helps to minimize the
deleterious effects of OSA on the day-today life of indi-
viduals suffering from OSA, as well as preventing or mit-
igating stress on certain muscles that are being unnec-
essarily stimulated as a result of OSA. Such advantages
are realized, at least in part, because: (1) only a single
surgical site is required for implantation of the system 10;
(2) the system can be configured for highly selective stim-
ulation of one or more muscles comprising the anterior
lingual musculature; (3) dissection of the hypoglossal
nerve trunk is not required to practice the present disclo-
sure; (4) implantation of the system does not produce
any visible scarring; and (5) once implanted, subjects
cannot see, feel, or sense the presence of the system.

System

[0015] In one aspect, the present disclosure can in-
clude a system 10 (Fig. 1) for treating OSA in a subject.
The system 10 can comprise a power source 14 in elec-
trical communication with a neuromuscular stimulator 16.

The power source 14 and the neuromuscular stimulator
16 can be in direct and/or indirect electrical communica-
tion with one another. In some instances, the power
source 14 and the neuromuscular stimulator 16 can be
in direct electrical communication with one another via
one or more wires (not shown). In other instances, the
power source 14 and the neuromuscular stimulator 16
can be in indirect electrical communication with one an-
other (e.g., via a wireless link). The system 10 can be
portable and adapted to be borne by a subject suffering
from OSA for a desired period of time. In some instances,
the system 10 can be borne by a subject for an acute
period of time (e.g., during an emergency situation), for
a semi-chronic period of time (e.g., less than about a
week to about 6 weeks), or for a chronic period of time
(e.g., greater than about 6 weeks). For example, the neu-
romuscular stimulator 16 can be temporarily or perma-
nently implanted within, on, or otherwise associated with
a subject suffering from OSA.
[0016] In another aspect, the power source 14 can be
configured to deliver a therapy signal having certain pow-
er and stimulation parameters to the neuromuscular stim-
ulator 16. Examples of such power and stimulation pa-
rameters can include the pulse waveform, the signal
pulse width, the signal pulse frequency, the signal pulse
phase, the signal pulse polarity, the signal pulse ampli-
tude, the signal pulse intensity, and the signal pulse du-
ration of the therapy signal. The power source 14 can be
capable of conveying a variety of currents and voltages
to the neuromuscular stimulator 16. In some instances,
the power source 14 can communicate stimulating ener-
gy, such as electrical current pulses to the neuromuscular
stimulator. The power source 14 can optionally include
circuitry and/or other implantable components for output-
ting electrical pulses to the neuromuscular stimulator 16.
Signals from the power source 14 can additionally or op-
tionally be communicative in nature, for example, com-
municating stimulation program information, subject in-
formation, and other types of information. In some in-
stances, the power source 14 is located external to the
subject and in electrical communication with the neu-
romuscular stimulator 16 via inductive coupling. For ex-
ample, the power source 14 can be configured as part
of a wearable device, such as a chin strap 18 (Fig. 2),
which may be worn at bedtime. In such instances, the
power source 14 is not physically "wired" to the neu-
romuscular stimulator 16 (Fig. 1).
[0017] In another aspect, the neuromuscular stimula-
tor 16 can include any active implantable medical device
configured for implantation for a relatively short or long
period of time. As shown in Fig. 1, the neuromuscular
stimulator 16 can include a housing 20 connected to one
or more electrical leads 22 having at least one electrode
24 associated therewith. Various electrical components,
such as a controller 26, can be hermetically sealed and
contained within the housing 20. As discussed in more
detail below, all or only a portion of the neuromuscular
stimulator 16 can be configured for implantation on or in
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the mandible of a subject. For example, all or only a por-
tion of the neuromuscular stimulator 16 can be configured
for implantation on, in, or through a mandible 28 (e.g.,
the mentum 29) (Fig. 8) of the subject.
[0018] The controller 26 (Fig. 1) can be configured to
receive the power and stimulation parameters associat-
ed with a therapy signal from the power source 14. In
some instances, the controller 26 can include a micro-
processor (not shown), a hardwired circuit (not shown),
or other appropriate means for controlling various as-
pects of the system 10. For example, the controller 26
can operate the power source 14, convey therapy signals
to the at least one electrode 24, and/or receive informa-
tion from various sources, such as the at least one elec-
trode or a sensor (not shown). The controller 26 can be
configured to store a stimulation program (or programs)
and operate the power source 14 according to the stim-
ulation program(s). Stimulation programs can include
predetermined, set programs (e.g., hardwired into the
controller) and adaptive, dynamic programs (e.g., soft-
ware that adapts an artificial stimulation pattern accord-
ing to various inputs). The controller 26 can select be-
tween various programs and/or actively modify a stimu-
lation program according to various inputs, such as in-
formation received from a subject, information received
from a sensor, information received from the power
source 14, information received from the at least one
electrode 24, and/or information received from a health
care provider.
[0019] In another aspect, the lead 22 of the neuromus-
cular stimulator 16 can include at least one electrode 24
that is in electrical communication with the controller 26.
The at least one electrode 24 can be configured to deliver
a therapy signal to a target tissue associated with direct
or indirect control of a posterior base of the tongue of a
subject. In further describing representative electrodes
24, which are described in the singular, it will be apparent
that more than one electrode may be used as part of the
system 10. Accordingly, the description of a representa-
tive electrode 24 suitable for use in the system 10 of the
present disclosure is applicable to other electrodes that
may be employed.
[0020] The electrode 24 can include one or more of
the following types and/or categories of electrodes:
epimysial electrodes; intramuscular electrodes, such as
Peterson electrodes; nerve cuff electrodes; self-con-
tained electrodes; monopolar electrodes; bipolar elec-
trodes; multi-contact electrodes; and/or other known
electrode types/categories and combinations thereof. It
will be appreciated that the electrode 24 can include one
or more associated flexible, extensible electrical leads
22. The lead 22 and/or the electrode 24 can be highly
flexible so as to not hinder regular tongue movement. In
some instances, all or only a portion of the lead 22 can
include one or more deployable anchoring elements (not
shown) (e.g., barbs, hooks, etc.). The anchoring ele-
ment(s) can be selectively retractable and extendable.
The anchoring element(s) facilitate secure placement of

the lead 22 (and thus the electrode 24) in or about a target
tissue, such as a muscle, which is under constant flexion
and relaxation.
[0021] The electrode 24 can be controllable to provide
therapy signals that may be varied in voltage, frequency,
pulse-width, current and/or intensity. For example, the
electrode 24 can also provide both positive and negative
current flow from the electrode and/or be capable of stop-
ping current flow from the electrode and/or changing the
direction of current flow from the electrode. In some in-
stances, the electrode 24 has the capacity for variable
output, linear output and short pulse-width. In other in-
stances, the electrode 24 can comprise a coil configured
to deliver magnetic stimulation. The electrode 24 may be
mono-polar, bipolar or multi-polar. To minimize the risk
of an immune response triggered by the subject against
certain components of the neuromuscular stimulator 16,
and also to minimize damage thereto (e.g., corrosion
from other biological fluids, etc.), the electrode 24 (and
any wires and optional housing materials) can be made
of inert materials, such as silicon, metal, plastic and the
like. In other instances, the electrode 24 can be a multi-
vector electrode capable of directing current to different
muscles of anterior lingual musculature 12. In further in-
stances, the system 10 can include more than one elec-
trode 24, such as an array of electrodes to stimulate a
field of aborizing hypoglossal branches associated with
a particular target muscle (or group of muscles).
[0022] In another aspect, the system 10 can be con-
figured as an open-loop or closed-loop system. In an
open-loop system, for example, a physician or the subject
may, at any time, manually or by the use of pumps, mo-
torized elements, etc., adjust treatment parameters of
the system 10. Alternatively, in a closed-loop system (dis-
cussed below), treatment parameters (e.g., electrical sig-
nals) may be automatically adjusted in response to a
sensed physiological parameter or a related symptom
indicative of the extent of OSA. In a closed-loop feedback
system, a sensor that senses a physiological parameter
associated with OSA (e.g., muscle or nerve electrical ac-
tivity, tongue position, oropharyngeal airfow, etc.) can be
utilized. More detailed descriptions of sensors that may
be employed in a closed-loop system, as well as other
examples of sensors and feedback control techniques
that may be employed as part of the present disclosure
are disclosed in U.S. Patent No. 5,716,377.

Closed-loop System

[0023] In another aspect, the present disclosure can
include a closed-loop system 50 (Fig. 3) for treating OSA
in a subject. The system 50 can comprise a power source
14, a neuromuscular stimulator 16, and a controller 26.
The power source 14 and the neuromuscular stimulator
16 can be in direct and/or indirect electrical communica-
tion with one another. In some instances, the power
source 14 and the neuromuscular stimulator 16 can be
in direct electrical communication with one another via
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one or more wires (not shown). In other instances, the
power source 14 and the neuromuscular stimulator 16
can be in indirect electrical communication with one an-
other (e.g., via a wireless link). One or more components
of the system 50 can be implantable in a subject suffering
from OSA for a desired period of time (e.g., acute, semi-
chronic, chronic). The system 50 can also be portable
and adapted to be borne by a subject suffering from OSA
for a desired period of time. In some instances, the sys-
tem 50 can be borne by a subject for an acute period of
time (e.g., during an emergency situation), for a semi-
chronic period of time (e.g., less than about a week to
about 6 weeks), or for a chronic period of time (e.g., great-
er than about 6 weeks). For example, the neuromuscular
stimulator 16 can be temporarily or permanently implant-
ed within, on, or otherwise associated with a subject suf-
fering from OSA.
[0024] In another aspect, the power source 14 can be
configured to deliver a therapy signal having certain pow-
er and stimulation parameters to the neuromuscular stim-
ulator 16. Examples of such power and stimulation pa-
rameters can include the pulse waveform, the signal
pulse width, the signal pulse frequency, the signal pulse
phase, the signal pulse polarity, the signal pulse ampli-
tude, the signal pulse intensity, and the signal pulse du-
ration of the therapy signal. The power source 14 can be
capable of conveying a variety of currents and voltages
to the neuromuscular stimulator 16. In some instances,
the power source 14 can communicate stimulating ener-
gy, such as electrical current pulses to the neuromuscular
stimulator. The power source 14 can optionally include
circuitry and/or other implantable components for output-
ting electrical pulses to the neuromuscular stimulator 16.
Signals from the power source 14 can additionally or op-
tionally be communicative in nature, for example, com-
municating stimulation program information, subject in-
formation, and other types of information. In some in-
stances, the power source 14 is located external to the
subject and in electrical communication with the neu-
romuscular stimulator 16 via inductive coupling. For ex-
ample, the power source 14 can be configured as part
of a wearable device, such as a chin strap (not shown),
which may be worn at bedtime. In such instances, the
power source 14 is not physically "wired" to the neu-
romuscular stimulator 16.
[0025] In another aspect, the neuromuscular stimula-
tor 16 can include any active implantable medical device
configured for implantation for a relatively short or long
period of time. As discussed in more detail below, all or
only a portion of the neuromuscular stimulator 16 can be
configured for implantation on or in the mandible of a
subject. For example, all or only a portion of the neu-
romuscular stimulator 16 can be configured for implan-
tation on, in, or through a mandible 28 (e.g., the mentum
29) of the subject.
[0026] The controller 26 can be configured to receive
the power and stimulation parameters associated with a
therapy signal from the power source 14. In some in-

stances, the controller 26 can include a microprocessor
(not shown), a hardwired circuit (not shown), or other
appropriate means for controlling various aspects of the
system 50. For example, the controller 26 can operate
the power source 14, convey therapy signals to at least
one electrode 24, and/or receive information from various
sources, such as the electrode or a sensing component
52. The controller 26 can be configured to store a stim-
ulation program (or programs) and operate the power
source 14 according to the stimulation program(s). Stim-
ulation programs can include predetermined, set pro-
grams (e.g., hardwired into the controller) and adaptive,
dynamic programs (e.g., software that adapts an artificial
stimulation pattern according to various inputs). The con-
troller 26 can select between various programs and/or
actively modify a stimulation program according to vari-
ous inputs, such as information received from a subject,
information received from the sensing component 52, in-
formation received from the power source 14, information
received from the at least one electrode 24, and/or infor-
mation received from a health care provider.
[0027] In another aspect, the neuromuscular stimula-
tor 16 can include one or more leads 22 (Fig. 4), each of
which has at least one electrode 24 in electrical commu-
nication with the controller 26. The at least one electrode
24 can be configured to deliver a therapy signal to a target
tissue associated with direct or indirect control of a pos-
terior base of the tongue of a subject. In further describing
representative electrodes 24, which are described in the
singular, it will be apparent that more than one electrode
may be used as part of the system 50. Accordingly, the
description of a representative electrode 24 suitable for
use in the system 50 of the present disclosure is appli-
cable to other electrodes that may be employed.
[0028] The electrode 24 can include one or more of
the following types and/or categories of electrodes:
epimysial electrodes; intramuscular electrodes, such as
Peterson electrodes; nerve cuff electrodes; self-con-
tained electrodes; monopolar electrodes; bipolar elec-
trodes; multi-contact electrodes; and/or other known
electrode types/categories and combinations thereof. It
will be appreciated that the electrode 18 can include one
or more associated flexible, extensible electrical leads
22. The lead 22 and/or the electrode 24 can be highly
flexible so as to not hinder regular tongue movement. In
some instances, all or only a portion of the lead 22 can
include one or more deployable anchoring elements (not
shown) (e.g., barbs, hooks, etc.). The anchoring ele-
ment(s) can be selectively retractable and extendable.
The anchoring element(s) facilitate secure placement of
the lead 22 (and thus the electrode 24) in or about a target
tissue, such as a muscle, which is under constant flexion
and relaxation.
[0029] The electrode 24 can be controllable to provide
therapy signals that may be varied in voltage, frequency,
pulse-width, current and/or intensity. For example, the
electrode 24 can also provide both positive and negative
current flow from the electrode and/or be capable of stop-
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ping current flow from the electrode and/or changing the
direction of current flow from the electrode. In some in-
stances, the electrode 24 has the capacity for variable
output, linear output and short pulse-width. In other in-
stances, the electrode 24 can comprise a coil configured
to deliver magnetic stimulation. The electrode 24 may be
mono-polar, bipolar or multi-polar. To minimize the risk
of an immune response triggered by the subject against
certain components of the neuromuscular stimulator 16,
and also to minimize damage thereto (e.g., corrosion
from other biological fluids, etc.), the electrode 24 (and
any wires and optional housing materials) can be made
of inert materials, such as silicon, metal, plastic and the
like. In other instances, the electrode 24 can be a multi-
vector electrode capable of directing current to different
muscles of anterior lingual musculature. In further in-
stances, the system 50 can include more than one elec-
trode 24, such as an array of electrodes to stimulate a
field of aborizing hypoglossal branches associated with
a particular target muscle (or group of muscles).
[0030] In another aspect, the system 50 also includes
one or more sensing components 52 configured to detect
at least one physiological parameter or a related symp-
tom of OSA. The presence of the sensing component 52
enables closed-loop operation of the system 50 to treat
OSA, meaning that treatment parameters (e.g., therapy
signals) may be automatically adjusted in response to
the sensed or detected physiological parameter or a re-
lated symptom of OSA. In some instances, the sensing
component 52 and the electrode 24 can be the same
structure or element. Advantageously, use of a single
structure or element as the sensing component 52 and
the electrode 24 reduces the invasive nature of the sur-
gical procedure associated with implanting the system
50, while also reducing the number of foreign bodies in-
troduced into a subject.
[0031] The sensing component 52 can be in direct
and/or indirect electrical communication with the control-
ler 26 and/or the power source 14 (e.g., via one or more
leads 22 or a wireless link). In one example, the sensing
component 52 can comprise a sensor (e.g., an electrode
24 as described above) that senses a physiological pa-
rameter or related symptom associated with OSA (e.g.,
muscle or nerve electrical activity, tongue position,
oropharyngeal airflow, etc.). Examples of sensors that
may be employed in a closed-loop system 50, as well as
other examples of sensors and feedback control tech-
niques that may be employed as part of the present dis-
closure are disclosed in U.S. Patent No. 5,716,377.
[0032] The system 50 can be configured for highly se-
lective stimulation and modulation of the anterior lingual
musculature. In some instances, the system 50 can com-
prise multiple leads 22, each of which includes at least
one electrode 24 and at least one sensing component
52. For example, the system 50 can have an "octopus-
like" configuration whereby the tentacles correspond to
the multiple leads 22 and the body corresponds to the
neuromuscular stimulator 16. A distal end of each of the

leads 22 can be configured for embedding into a pre-
determined portion of a muscle comprising the anterior
lingual musculature. The muscle(s) in which the distal
ends of the leads 22 is/are embedded can be the same
or different. Thus, in some instances, the distal ends of
the leads 22 can be embedded in a single muscle but at
different spatial locations. In such instances, the system
50 can be operated to activate (stimulate) a first portion
of the muscle associated with a first lead (not shown),
while simultaneously or sequentially inhibiting muscle
function in a second different portion of the muscle as-
sociated with a second lead (not shown). Advantageous-
ly, a system 50 having a multiple-lead configuration pro-
vides highly selective control over targeted muscles of
the anterior lingual musculature and, thus, the ability to
therapeutically modulate the laryngeal introitus.
[0033] One example of a system 50 for treating OSA
is illustrated in Figs. 4-6B. The system 50 can comprise
a chin implant 54 for a human mandible 28 (Figs. 6A-B).
The chin implant 54 (Fig. 4) has a generally crescent-
shaped configuration and, when implanted, gives the ap-
pearance of a natural chin contour. All or only a portion
of the chin implant 54 can be made of one or more ma-
terials that is/are biologically inert and non-reactive to
avoid infection in a subject’s body (e.g., silicone and/or
or plastic). By virtue of its construction, the chin implant
54 can be pliant, flexible and compressible.
[0034] As shown in Figs. 4-5, the chin implant 54 can
comprise an implant body 56, a controller 26, at least one
electrode 24, a sensing component 52, and a power
source 14. The implant body 56 can have a front face 58
and a back face 60. The back face 60 can have a surface
62 for placement adjacent the mental protuberance 64
of the mandible 28 (Fig. 6A). The front face 58 can have
a curved projection surface 66 for protruding from the
chin to create a natural chin profile after implantation (Fig.
6B). Each of the controller 26, the at least one electrode
24, the sensing component 52, and the power source 14
can be directly or indirectly associated with the implant
body 56. As shown in Fig. 4, for example, the controller
26 and the power source 14 can be housed within a por-
tion of the implant body 56, while the at least one elec-
trode 24 and the sensing component 52 are located ex-
ternal to the implant body and directly connected to the
controller (e.g., by leads 22). Although the power source
14 is shown as being disposed within the implant body
56, it will be appreciated that the power source may also
be located external to the implant body (e.g., via a wire-
less link).

Methods

[0035] Another aspect of the present disclosure can
include a method 30 (Fig. 7) for treating OSA in a subject.
The method 30 can generally include the steps of pro-
viding a system 10 (Step 32), implanting a neuromuscular
stimulator 16 of the system into a subject suffering from
OSA (Step 34), and activating the system to treat the
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OSA (Step 36). The system 10 provided at Step 32 can
be identically or similarly constructed as the system
shown in Fig. 1 and described above. For the purpose
of illustration only, the method 30 will be described below
using the system 10 shown in Fig. 1.
[0036] At Step 34, the neuromuscular stimulator 16 can
be implanted in the subject. In some instances, a trans-
mandibular surgical approach can be used to implant the
neuromuscular stimulator 16. A variety of trans-mandib-
ular surgical approach options may be used, such as a
submental approach or an intraoral bucca-gingival sul-
cus approach. Generally speaking, a submental ap-
proach allows for other adjunctive procedures including,
but not limited to, cervical liposuction (e.g., for effacement
of platysmal banding), elevation of hyoid positioning, and
mandibular distal bone advancement for aesthetic pur-
poses and/or functionally repositioning the anterior lin-
gual musculature 12. Unlike the submental approach, an
intraoral approach does not produce a facial scar. A
trans-mandibular surgical approach can be performed
under local anesthetic or in an outpatient setting; how-
ever, it will be appreciated that general anesthetic may
alternatively be used as patients may be more comfort-
able and the patient’s airway is better protected.
[0037] Whether a submental or intraoral bucca-gingi-
val sulcus approach is used, the dissection can be carried
out to the level of the periosteum overlying the mentum
29 of the mandible 28 (Fig. 8). Surgical awareness is
highlighted at this time in an effort to preserve and not
traumatize the mental nerves (not shown). The mental
nerves exit at the mid-vertical level of the mandible 28,
between the region of the first and second pre-molars
bilaterally. Like many surgeries in the head and neck,
preservation of a nerve (or nerves) along with strict at-
tention to hemostasis are key features of a successful
operation. In making the gingivo-labial sulcus incision,
for example, it can be important to leave an adequate
cuff of mucosa along with a sufficient portion of the men-
talis muscle (not shown) for later resuspension. Doing
so can avoid lower-lip ptosis.
[0038] Figs. 8-10 illustrate a submental approach for
implanting the neuromuscular stimulator 16 in a subject.
First, an external submental crease incision (not shown)
can be made. A subperiosteal dissection can then be
made to elevate the periosteum and protect the mental
nerves. At this point, a surgical mark can be made at the
midline of the bony mentum 29. One or more drill holes
(not shown) can be made above the inferior edge of the
mentum 29, and on either side of the midline. For exam-
ple, multiple drill holes can be made about 1 cm above
the inferior edge of the mentum 29, and about 1.5 cm on
either side of the midline. The diameter of each drill hole
should be sufficient to pass the lead(s) 22 of the neu-
romuscular stimulator 16 through both cortices of the
mandible 28 into electrical communication with one or
more of the sublingual muscles that control the anterior
positioning of the tongue base when contraction occurs.
[0039] In another example, an intraoral bucca-gingival

sulcus approach can alternatively be used to implant the
neuromuscular stimulator 16. Subperiosteal dissection
can be carried out laterally to identify the mental nerves.
The foramina (not shown) of the mental nerves are gen-
erally found between the first and second premolar teeth
at the level of the origin of the mentalis muscle, or 2-4
mm below the level of the bicuspid premolar teeth apices.
The foramina are situated deep to the midportion of the
depressor anguli oris. Dissection can occur inferolater-
ally to allow for a longer osteotomy and thereby prevent
unsightly mandibular notching. During dissection, the pe-
riosteum at the inferior rim of the mentum 29 can be left
intact. Next, the skeletal midline can be aligned with the
overlying soft tissue corollary. A sagittal saw with a 30-
degree bend can then be used to facilitate an even cut
while minimizing soft tissue trauma. Lateral cuts can be
made about 4-5 mm below the foramina to compensate
for the path of the inferior alveolar nerve.
[0040] In another variation of the method 30, the neu-
romuscular stimulator 16 can be configured to also serve
as a chin implant. This may be desirable in instances
where a subject desires an aesthetic change to their an-
terior mandibular profile. Alternatively, if a subject does
not desire a change in their anterior mandibular profile,
a relatively small or low-profile neuromuscular stimulator
16 that does not cause any profile changes can be used.
For example, a neuromuscular stimulator 16 can be sized
and dimensioned for placement within a drilled sulcus
such that attachment of the neuromuscular stimulator
therein does not interfere with the anterior mandibular
profile of the subject.
[0041] Regardless of the trans-mandibular surgical ap-
proach used, the neuromuscular stimulator 16 can be
implanted so that the electrode 24 is in electrical com-
munication with a target tissue associated with control of
a posterior base of the tongue of the subject (e.g., the
electrode can be placed directly on and/or within the tar-
get tissue). In some instances, the electrode 24 can be
placed into electrical communication with one or more
muscles of the anterior lingual musculature 12. In other
instances, two or more electrodes 24 can be placed bi-
laterally into electrical communication with one or more
muscles of the anterior lingual musculature 12. In one
example, the electrode 24 can be placed into electrical
communication with a genioglossus muscle (not shown).
In another example, the electrode 24 can be placed into
electrical communication with an anterior belly digastric
muscle 38 (Fig. 9). In another example, the electrode 24
can be placed into electrical communication with a hy-
oglossus muscle (not shown). In another example, the
electrode 24 can be placed into electrical communication
with a mylohyoid muscle (not shown).
[0042] Alternatively or additionally, the electrode 24
can be placed into electrical communication with a nerve
(or nerves) that innervates one or muscles associated
with control of a posterior base of the tongue of the sub-
ject, such as the hypoglossal nerve 40 and/or its distal
arborizing branches at or near its neuromuscular junc-
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tion. In some instances, the electrode 24 can be implant-
ed directly in or on the target tissue. In other instances,
the electrode can be implanted so that the electrode 24
is not in direct physical contact with the target tissue, but
located in sufficient proximity to the target tissue such
that delivery of a therapy signal to the electrode can mod-
ulate target tissue activity.
[0043] Proper positioning of the lead 22 can be con-
firmed by delivering test signals to the electrode 24 and
then noting if the test signals result in anterior displace-
ment of the posterior base of the tongue. Once the lead
22 is properly positioned, the housing 20 can be securely
affixed to the subject. For example, the housing 20 can
be securely affixed (e.g., with bone screws) into the ex-
ternal cortex of the mandible 28, or simply placed in a
tight surgical subperiosteal pocket. Once the neuromus-
cular stimulator 16 is secured to the subject, the soft tis-
sue can be closed in layers while paying special attention
to the reattachment of the mentalis muscle to avoid ptotic
lower lip. The soft tissue can then be re-draped with tape
and the procedure completed (Fig. 10). Overall, the sur-
gical implant procedure can take about 15 minutes to
complete.
[0044] At Step 34, the power source 14 can be asso-
ciated with the subject (if it has not been done so already)
so that the power source is in electrical communication
with the neuromuscular stimulator 16. As shown in Fig.
2 and discussed above, for example, the power source
14 can be configured as a chin strap 18 and placed
around the head of the subject.
[0045] With the neuromuscular stimulator 16 implant-
ed in the subject, the power source 14 can be activated
at Step 36. Activation of the power source 14 causes one
or more therapy signals, having desired power and stim-
ulation parameters, to be delivered to the neuromuscular
stimulator 16. In some instances, the therapy signal(s)
(e.g., an electrical signal) may be constant, varying
and/or modulated with respect to the current, voltage,
pulse-width, cycle, frequency, amplitude, and so forth.
For example, a current may range from about 0.001 to
about 1000 microampere (mA) and, more specifically,
from about 0.1 to about 100 mA. Similarly, the voltage
may range from about 0.1 millivolt to about 25 volts, or
about 0.5 to about 4000 Hz, with a pulse-width of about
10 to about 1000 microseconds. The type of stimulation
may vary and involve different waveforms known to the
skilled artisan.
[0046] Depending upon the desired treatment regi-
men, the therapy signal(s) is/are relayed to the electrode
24. The therapy signal(s) can be relayed to the electrode
24 for a time and in an amount sufficient to displace the
posterior base of the tongue in an anterior direction,
which opens the oropharyngeal airway to the laryngeal
introitus. Delivery of the therapy signal(s) to the target
tissue can be done, for example, while the subject is
sleeping. In patients with OSA, the posterior base of the
tongue can fall backwards and obstruct breathing, espe-
cially when individuals lay flat on their backs. Therapy

signal(s) from the neuromuscular stimulator 16 can be
delivered to the target tissue on a continuous, periodic,
or an as-needed basis to displace the posterior base of
the tongue in an anterior direction (and/or change the
surface morphology of the posterior tongue base to allow
and increase oropharyngeal airway volume) while the
subject is sleeping. This prevents obstruction of the air-
way during sleep by ensuring that airflow through the
airway of the subject is properly maintained. Additionally
or optionally, the therapy signal(s) can be relayed to the
electrode 24 to achieve selective muscle activation; that
is, targeted activation of less than all of the muscles com-
prising the anterior lingual musculature 12. Advanta-
geously, selective stimulation of the anterior lingual mus-
culature 12 can prevent or mitigate dysarthria.
[0047] Another aspect of the present disclosure can
include a method 70 (Fig. 11) for treating OSA in a sub-
ject. The method 70 can generally include the steps of:
providing a closed-loop system 50 (Step 72); implanting
the system into a subject suffering from OSA (Step 74);
generating a sensor signal based on a detected at least
one physiological parameter or related symptom associ-
ated with OSA (Step 76); and delivering a therapy signal,
by the system, to a target tissue to treat the OSA (Step
78). Steps 76-78 can be repeated for a desired period of
time to treat the OSA (Step 80). The closed-loop system
50 provided at Step 72 can be identically or similarly con-
structed as the system shown in Fig. 3 and described
above. For example, the system 50 shown in Fig. 3 can
be configured to include multiple electrodes 24 and sens-
ing components 52, which may limit total extrinsic and
intrinsic tongue contraction and assist in anterior-supe-
rior elevation of the suprahyoid muscles (and thus the
hyoid bone) to open the laryngeal introitus.
[0048] At Step 74, the system 50 can be implanted in
the subject. In some instances, a trans-mandibular sur-
gical approach can be used to implant the system 50. A
variety of trans-mandibular surgical approach options
may be used, such as a submental approach or an in-
traoral bucca-gingival sulcus approach. Generally
speaking, a submental approach allows for other adjunc-
tive procedures including, but not limited to, cervical li-
posuction (e.g., for effacement of platysmal banding), el-
evation of hyoid positioning, and mandibular distal bone
advancement for aesthetic purposes and/or functionally
repositioning the anterior lingual musculature. Unlike the
submental approach, an intraoral approach does not pro-
duce a facial scar. A trans-mandibular surgical approach
can be performed under local anesthetic or in an outpa-
tient setting; however, it will be appreciated that general
anesthetic may alternatively be used as patients may be
more comfortable and the patient’s airway is better pro-
tected.
[0049] Whether a submental or intraoral bucca-gingi-
val sulcus approach is used, the dissection can be carried
out to the level of the periosteum overlying the mentum
of the mandible 28. Surgical awareness is highlighted at
this time in an effort to preserve and not traumatize the
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mental nerves (not shown). The mental nerves exit at the
mid-vertical level of the mandible, between the region of
the first and second pre-molars bilaterally. Like many sur-
geries in the head and neck, preservation of a nerve (or
nerves) along with strict attention to hemostasis are key
features of a successful operation. In making the gingivo-
labial sulcus incision, for example, it can be important to
leave an adequate cuff of mucosa along with a sufficient
portion of the mentalis muscle (not shown) for later re-
suspension. Doing so can avoid lower-lip ptosis.
[0050] In one example, a submental approach can be
used to implant the system 50 in a subject suffering from
OSA. First, an external submental crease incision (not
shown) can be made. A subperiosteal dissection can
then be made to elevate the periosteum and protect the
mental nerves. At this point, a surgical mark can be made
at the midline of the bony mentum. One or more drill holes
(not shown) can be made above the inferior edge of the
mentum, and on either side of the midline. For example,
multiple drill holes can be made about 1 cm above the
inferior edge of the mentum, and about 1.5 cm on either
side of the midline. The diameter of each drill hole should
be sufficient to pass the leads 22 associated with the at
least one electrode 24 and the sensing component 52 of
the system 50 through both cortices of the mandible 28
into electrical communication with first and second target
tissues, respectively.
[0051] In another example, an intraoral bucca-gingival
sulcus approach can alternatively be used to implant the
system 50. Subperiosteal dissection can be carried out
laterally to identify the mental nerves. The foramina (not
shown) of the mental nerves are generally found between
the first and second premolar teeth at the level of the
origin of the mentalis muscle, or 2-4 mm below the level
of the bicuspid premolar teeth apices. The foramina are
situated deep to the midportion of the depressor anguli
oris. Dissection can occur inferolaterally to allow for a
longer osteotomy and thereby prevent unsightly mandib-
ular notching. During dissection, the periosteum at the
inferior rim of the mentum can be left intact. Next, the
skeletal midline can be aligned with the overlying soft
tissue corollary. A sagittal saw with a 30-degree bend
can then be used to facilitate an even cut while minimizing
soft tissue trauma. Lateral cuts can be made about 4-5
mm below the foramina to compensate for the path of
the inferior alveolar nerve.
[0052] The foregoing surgical approaches can include
implantation of a chin implant 54 (such as the one de-
scribed above) in instances where a subject desires an
aesthetic change to their anterior mandibular profile. Al-
ternatively, if a subject does not desire a change in their
anterior mandibular profile, a relatively small or low-pro-
file neuromuscular stimulator 16 that does not cause any
profile changes can be used. For example, a neuromus-
cular stimulator 16 can be sized and dimensioned for
placement within a drilled sulcus such that attachment
of the neuromuscular stimulator therein does not interfere
with the anterior mandibular profile of the subject.

[0053] Regardless of the trans-mandibular surgical ap-
proach used, the system 50 can be implanted so that the
electrode 24 and the sensing component 52 are in elec-
trical communication with first and second target tissues,
respectively (e.g., the electrodes can be placed directly
on and/or within the first and second target tissue). The
first and second target tissues can be the same or differ-
ent. In some instances, the electrode 24 can be placed
into electrical communication with a first target tissue
comprising one or more muscles of the anterior lingual
musculature 12 (e.g., one or a combination of suprahyoid
muscles). In one example, the electrode 24 and/or the
sensing component 52 can be placed into electrical com-
munication with a genioglossus muscle (not shown). In
another example, the electrode 24 and/or the sensing
component 52 can be placed into electrical communica-
tion with an anterior belly digastric muscle (not shown).
In another example, the electrode 24 and/or the sensing
component 52 can be placed into electrical communica-
tion with a hyoglossus muscle (not shown). In another
example, the electrode 24 and/or the sensing component
52 can be placed into electrical communication with a
mylohyoid muscle (not shown).
[0054] Proper positioning of the electrode 24 can be
confirmed by delivering test signals to the electrode and
then noting if the test signals result in anterior displace-
ment of the posterior base of the tongue. Once the elec-
trode 24 is properly positioned, the remainder of the sys-
tem 50 can be securely affixed to the subject. For exam-
ple, the implant body 56 of a chin implant 54 can be se-
curely affixed (e.g., with bone screws) into the external
cortex of the mandible 28. Once the system 50 is securely
implanted in the subject, the soft tissue can be closed in
layers while paying special attention to the reattachment
of the mentalis muscle to avoid ptotic lower lip. The soft
tissue can then be re-draped with tape and the procedure
completed. Overall, the surgical implant procedure can
take about 15 minutes to complete.
[0055] If it has not been done so already, the power
source 14 can be associated with the subject so that the
power source is in electrical communication with the neu-
romuscular stimulator 16. With the system 50 implanted
in the subject, the power source 14 can then be activated.
Activation of the power source 14 enables the sensing
component 52 to detect at least one physiological pa-
rameter or a related symptom associated with OSA. Ac-
tivation of the power source 14 also permits one or more
therapy signals having desired power and stimulation pa-
rameters to be delivered to the electrode 24. In some
instances, the therapy signal(s) (e.g., an electrical signal)
may be constant, varying and/or modulated with respect
to the current, voltage, pulse-width, cycle, frequency, am-
plitude, and so forth. For example, a current may range
from about 0.001 to about 1000 microampere (mA) and,
more specifically, from about 0.1 to about 100 mA. Sim-
ilarly, the voltage may range from about 0.1 millivolt to
about 25 volts, or about 0.5 to about 4000 Hz, with a
pulse-width of about 10 to about 1000 microseconds. The
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type of stimulation may vary and involve different wave-
forms known to the skilled artisan.
[0056] At Step 76, a sensor signal can be generated
by the sensing component 52 in response to at least one
physiological parameter or a related symptom associat-
ed with OSA detected by the sensing component. Where
the sensing component 52 is an EMG electrode, for ex-
ample, the activity of one or more muscles of the anterior
lingual musculature (e.g., a genioglossus muscle or a
suprahyoid muscle) can be detected. A detected de-
crease in muscle activity (relative to a control or baseline
level) may cause the sensing component 52 to generate
a corresponding sensor signal, which is then relayed to
the controller 26 and/or the power source 14.
[0057] In response to the generated sensor signal, the
system 50 can cause a therapy signal (or signals) to be
delivered to the electrode 24 (Step 78). The controller 26
can then control operation of the neuromuscular stimu-
lator to adjust application of the therapy signal(s) to the
first target tissue in response to the sensor signal. For
example, the therapy signal(s) can be relayed to the elec-
trode 24 for a time and in an amount sufficient to displace
the posterior base of the tongue in an anterior direction,
which opens the oropharyngeal airway to the laryngeal
introitus. Delivery of the therapy signal(s) to the target
tissue can be done, for example, while the subject is
sleeping. In patients with OSA, the posterior base of the
tongue can fall backwards and obstruct breathing, espe-
cially when individuals lay flat on their backs. Therapy
signal(s) from the neuromuscular stimulator 16 can be
delivered to the first target tissue on a continuous, peri-
odic, or an as-needed basis to displace the posterior base
of the tongue in an anterior direction (and/or change the
surface morphology of the posterior tongue base to allow
and increase oropharyngeal airway volume) while the
subject is sleeping. This prevents obstruction of the air-
way during sleep by ensuring that airflow through the
airway of the subject is properly maintained. Additionally
or optionally, the therapy signal(s) can be relayed to the
electrode 24 to achieve selective muscle activation; that
is, targeted activation of less than all of the muscles com-
prising the anterior lingual musculature. Advantageously,
selective stimulation of the anterior lingual musculature
can prevent or mitigate dysarthria. It will be appreciated
that although the method 70 is described in terms of uni-
lateral stimulation, the method can also be performed
using bilateral stimulation (e.g., stimulating two muscles
simultaneously or in sequence).
[0058] As shown in Fig. 11, Steps 76-78 can be repeat-
ed for a period of time to treat the OSA. Advantageously,
the method 70 provides a minimally invasive, automatic,
and aesthetically acceptable treatment modality for OSA
that is continually titrated to optimize its efficacy based
on continuous physiological feedback, thereby enabling
a high degree of patient-specific customization.
[0059] It will be appreciated that the present disclosure
may also be an adjunct to other mechanical orthognathic
maneuvers to sections of the mandible that have tongue

muscle attachments to them.
[0060] The invention is defined in the appended claims.

Claims

1. An implantable system (10) for treating obstructive
sleep apnea, ’OSA’, in a subject, the system com-
prising:

a power source (14); and
a neuromuscular stimulator (16) configured for
implantation in a mandible (28) of the subject,
the neuromuscular stimulator being in electrical
communication with the power source, the neu-
romuscular stimulator comprising:

a housing (20),
a controller (26) contained within the hous-
ing,
an electrical lead (22) that is connected to
the housing, and
at least one intramuscular electrode (24) in-
cluded in the lead,

the controller being configured to receive certain
power and stimulation parameters associated
with a therapy signal from the power source, and
the system being characterised in that:

the controller is hermetically sealed;
the lead is flexible so as to not hinder regular
tongue movement;
the lead is of a length suitable to pass
through both cortices of the mandible into
electrical communication with one or more
sublingual muscles that control the anterior
positioning of the tongue base when con-
traction occurs; and
all or only a portion of the lead includes one
or more deployable anchoring elements to
facilitate secure placement of the lead and
the electrode in one or more muscles of an
anterior lingual musculature of the subject
such that the at least one electrode is con-
figured to deliver the therapy signal directly
to the one or more muscles of an anterior
lingual musculature of the subject.

2. The system of claim 1, wherein the communicating
power source is located external to the subject.

3. The system of claim 2, wherein the power and stim-
ulation parameters are delivered to the controller via
inductive coupling.

4. The system of claim 2, wherein the power source is
included as part of a chin strap (18) to be worn by
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the subject at bedtime.

5. The system of claim 1, wherein the one or more de-
ployable anchoring elements are selectively deploy-
able.

6. The system of claim 1, wherein the one or more mus-
cles of an anterior lingual musculature is a genioglos-
sus muscle.

7. The system of claim 1, wherein the one or more mus-
cles of an anterior lingual musculature is an anterior
belly digastric muscle (38).

8. The system of claim 1, wherein the one or more mus-
cles of an anterior lingual musculature is a hyoglos-
sus muscle.

9. The system of claim 1, wherein the one or more mus-
cles of an anterior lingual musculature is a mylohyoid
muscle.

10. The system of claim 1, further comprising:

a sensing component (52) configured to detect
at least one physiological parameter or a related
symptom associated with OSA;
wherein the controller is further configured to di-
rect delivery of the therapy signal to the at least
one electrode, based on a detected input from
the sensing component, to control the posterior
base of the tongue and open the oropharyngeal
airway to the laryngeal introitus.

11. The system of claim 10, wherein the at least one
electrode and the sensing component are disposed
on the same or a different lead, which is in electrical
communication with the neuromuscular stimulator.

12. The system of claim 10, wherein the neuromuscular
stimulator is configured as a chin implant (54) for a
human mandible (28), the chin implant comprising
an implant body (56) having a front face (58) and a
back face (60), the back face having a surface for
placement adjacent the mental protuberance (64) of
the mandible, and the front face having a curved pro-
jection surface for protruding from the chin to create
a natural chin profile after implantation.

Patentansprüche

1. Implantierbares System (10) zum Behandeln von
obstruktiver Schlafapnoe, OSA, in einem Subjekt,
wobei das System Folgendes umfasst:

eine Energiequelle (14); und
einen neuromuskulären Stimulator (16), der

zum Implantieren in eine Mandibula (28) des
Subjekts konfiguriert ist, wobei der neuromus-
kuläre Stimulator in elektrischer Kommunikation
mit der Energiequelle steht, wobei der neuro-
muskuläre Stimulator Folgendes umfasst:

ein Gehäuse (20),
eine Steuerung (26), die im Gehäuse ent-
halten ist,
eine elektrische Leitung (22), die mit dem
Gehäuse verbunden ist, und
wenigstens eine intramuskuläre Elektrode
(24), die in der Leitung enthalten ist,

wobei die Steuerung konfiguriert ist, bestimmte
Energie- und Stimulationsparameter, die einem
Therapiesignal zugeordnet sind, von der Ener-
giequelle zu empfangen, und wobei das System
dadurch gekennzeichnet ist, dass:

die Steuerung hermetisch abgeschlossen
ist;
die Leitung elastisch ist, um regelmäßige
Zungenbewegung nicht zu behindern;
die Leitung eine Länge aufweist, die geeig-
net ist, beide Kortizes der Mandibula in elek-
trische Kommunikation mit einem oder
mehreren sublingualen Muskeln, die die
vordere Positionierung des Zungengrundes
steuern, wenn Kontraktion stattfindet, zu
durchlaufen; und
die gesamte oder nur ein Teil der Leitung
ein oder mehrere entfaltbare Veranke-
rungselemente enthält, um ein sicheres An-
ordnen der Leitung und der Elektrode in ei-
nem oder mehreren Muskeln einer vorde-
ren Zungenmuskulatur des Subjekts zu er-
möglichen, sodass die wenigstens eine
Elektrode konfiguriert ist, das Therapiesig-
nal direkt an den einen oder die mehreren
Muskeln einer vorderen Zungenmuskulatur
des Subjekts abzugeben.

2. System nach Anspruch 1, wobei sich die kommuni-
zierende Energiequelle außerhalb des Subjekts be-
findet.

3. System nach Anspruch 2, wobei die Energie- und
Stimulationsparameter über induktive Kopplung an
die Steuerung geliefert werden.

4. System nach Anspruch 2, wobei die Energiequelle
als Teil eines Kinnbandes (18) enthalten ist, das von
dem Subjekt zur Schlafenszeit zu tragen ist.

5. System nach Anspruch 1, wobei das eine oder die
mehreren einsetzbaren Verankerungselemente se-
lektiv einsetzbar sind.
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6. System nach Anspruch 1, wobei es sich bei dem
einen oder den mehreren Muskeln einer vorderen
Zungenmuskulatur um einen Musculus genioglos-
sus handelt.

7. System nach Anspruch 1, wobei es sich bei dem
einen oder den mehreren Muskeln einer vorderen
Zungenmuskulatur um einen vorderen Musculus di-
gastricus (38) handelt.

8. System nach Anspruch 1, wobei es sich bei dem
einen oder den mehreren Muskeln einer vorderen
Zungenmuskulatur um einen Musculus hyoglossus
handelt.

9. System nach Anspruch 1, wobei es sich bei dem
einen oder den mehreren Muskeln einer vorderen
Zungenmuskulatur um einen Musculus mylohyoide-
us handelt.

10. System nach Anspruch 1, ferner Folgendes umfas-
send:

eine Erfassungskomponente (52), die konfigu-
riert ist, wenigstens einen physiologischen Pa-
rameter oder ein zugehöriges mit OSA in Ver-
bindung stehendes Symptom zu erfassen;
wobei die Steuerung ferner konfiguriert ist, ein
Abgeben des Therapiesignals an die wenigs-
tens eine Elektrode auf der Grundlage eines er-
fassten Eingangs von der Erfassungskompo-
nente zu leiten, um den hinteren Zungengrund
zu steuern und den Oropharyngealatemweg
zum Kehlkopfeingang zu öffnen.

11. System nach Anspruch 10, wobei die wenigstens
eine Elektrode und die Erfassungskomponente auf
der gleichen oder einer anderen Leitung, die in elek-
trischer Kommunikation mit dem neuromuskulären
Stimulator steht, angeordnet sind.

12. System nach Anspruch 10, wobei der neuromusku-
läre Stimulator als ein Kinnimplantat (54) für eine
menschliche Mandibula (28) konfiguriert ist, wobei
das Kinnimplantat einen Implantatkörper (56) mit ei-
ner Vorderfläche (58) und einer Hinterfläche (60)
umfasst, wobei die Hinterfläche eine Oberfläche
zum Anordnen neben der Kinnerhebung (64) der
Mandibula aufweist und die Vorderfläche eine ge-
krümmte Vorsprungsoberfläche zum Vorstehen aus
dem Kinn aufweist, um nach dem Implantieren ein
natürliches Kinnprofil zu erzeugen.

Revendications

1. Système implantable (10) pour traiter l’apnée obs-
tructive du sommeil, « AOS », chez un sujet, le sys-

tème comprenant :

une source de puissance (14) ; et
un stimulateur neuromusculaire (16) configuré
pour être implanté dans une mandibule (28) du
sujet, le stimulateur neuromusculaire étant en
communication électrique avec la source de
puissance, le stimulateur neuromusculaire
comprenant :

un boîtier (20),
un dispositif de commande (26) contenu au
sein du boîtier,
un fil électrique (22) qui est connecté au boî-
tier, et
au moins une électrode intramusculaire
(24) incluse dans le fil,

le dispositif de commande étant configuré pour
recevoir certains paramètres de puissance et de
stimulation associés à un signal de thérapie en
provenance de la source de puissance, et le sys-
tème étant caractérisé en ce que :

le dispositif de commande est scellé
hermétiquement ;
le fil est flexible de façon à ne pas gêner un
mouvement régulier de la langue ;
le fil est de longueur appropriée pour placer
à travers les deux cortex de la mandibule
en communication électrique avec un ou
plusieurs muscles sublinguaux qui com-
mandent le positionnement antérieur de la
base de la langue lorsqu’une contraction se
produit ; et
la totalité ou seulement une portion du fil
comporte un ou plusieurs éléments d’ancra-
ge déployables pour faciliter un placement
sécurisé du fil et de l’électrode dans un ou
plusieurs muscles d’une musculature lin-
guale antérieure du sujet de sorte que l’au
moins une électrode soit configurée pour
délivrer le signal de thérapie directement
aux un ou plusieurs muscles d’une muscu-
lature linguale antérieure du sujet.

2. Système selon la revendication 1, dans lequel la
source de puissance communicante est située ex-
terne au sujet.

3. Système selon la revendication 2, dans lequel les
paramètres de puissance et de stimulation sont dé-
livrés au dispositif de commande via un couplage
inductif.

4. Système selon la revendication 2, dans lequel la
source de puissance est incluse en tant que partie
d’une jugulaire (18) à porter par le sujet au moment
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du coucher.

5. Système selon la revendication 1, dans lequel les
un ou plusieurs éléments d’ancrage déployables
sont déployables sélectivement.

6. Système selon la revendication 1, dans lequel les
un ou plusieurs muscles d’une musculature linguale
antérieure sont un muscle génioglosse.

7. Système selon la revendication 1, dans lequel les
un ou plusieurs muscles d’une musculature linguale
antérieure sont un muscle digastrique du ventre an-
térieur (38).

8. Système selon la revendication 1, dans lequel les
un ou plusieurs muscles d’une musculature linguale
antérieure sont un muscle hyoglosse.

9. Système selon la revendication 1, dans lequel les
un ou plusieurs muscles d’une musculature linguale
antérieure sont un muscle mylohyoïdien.

10. Système selon la revendication 1, comprenant en
outre :

un composant de détection (52) configuré pour
détecter au moins un paramètre physiologique
ou un symptôme apparenté associé à l’AOS ;
dans lequel le dispositif de commande est en
outre configuré pour délivrer directement le si-
gnal de thérapie à l’au moins une électrode,
d’après une entrée détectée provenant du com-
posant de détection, pour commander la base
postérieure de la langue et ouvrir les voies aé-
riennes oropharyngées à l’orifice d’entrée du la-
rynx.

11. Système selon la revendication 10, dans lequel l’au
moins une électrode et le composant de détection
sont disposés sur le même fil ou sur un fil différent,
qui est en communication électrique avec le stimu-
lateur neuromusculaire.

12. Système selon la revendication 10, dans lequel le
stimulateur neuromusculaire est configuré sous for-
me d’implant de menton (54) pour une mandibule
humaine (28), l’implant de menton comprenant un
corps d’implant (56) ayant une face avant (58) et une
face arrière (60), la face arrière ayant une surface
pour être placée adjacente à l’éminence mentonniè-
re (64) de la mandibule, et la face avant ayant une
surface de saillie incurvée pour dépasser du menton
afin de créer un profil de menton naturel après im-
plantation.
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