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or more) of breathing during sleep. Sleep apnea is a
common but serious, potentially life-threatening

condition, affecting as many as 18 million Americans.

Q,

There are two types of sleep apnea: central and
obstructive. Central sleep apnea, which is relatively
rare, occurs when the brain fails to send the appropriate
signal to the breathing musclies to initiate respirations,

e.g

= T

as a vresult of brain stem injury or damage.
Mechanical ventilation is the only treatment available to
ensure continued breathing.

Obstructive slesp apnea (0O5A) is far more common. It
is one of the gseveral entities that make up the broader
group of sleep disordered breathing (SDB). This group of
disorders ranges from habitual snoring to OSA. Normally,
the muscles of the upper part of the throat keep the
airway open to permit air flow into the lungs. When the
muscles of the upper airway relax and sag, the relaxed
tissues may vibrate as alr flows past the tissues during
breathing, resulting in snoring. Snoring affects about
half of men and 25 percent of women - most of whom are
age 50 or older.

In more serious cases, the airway becomes blocked,
making breathing labored and noisy, or even stopping it
altogether. In a given night, the number of involuntary
breathing pauses or ‘apneic events” can be quite
frequent. These breathing pauses are almost always
accompanied by snoring between apnea episodes, although
not everyone who snores has OSA.

Lack of air intake into the lungs results in lower
levels of oxygen and increased levels of carbon dioxide
in the blood. The altered levels of oxygen and carbon
dioxide alert the brain to resume breathing and cause
arousal. The frequent interruptions of deep, restorative
sleep often lead to early morning headaches, excessive

daytime  sleepiness, depression, drritability, and

PCT/US2003/4027970
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gasp for air. Breathing will then resume, often followed

“hough some &pneic 2vents ars TNOYma in =11

the tip of thes nose, and extends to the larymx. Rlithough
211 tissue along this conduit is dymamic and responsive

to the respiratory cycle, only tihe pharyngeal conduit

ctructures -- the tissues in the region of the airway

the supraglottic larynx -- 1s tot
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uvula, the palatine tonsils with associated pillar
tissue; and the epiglottis.

The cross sectional area of the upper airway varies
with the phases of the respiratory cycle. At the
initiation of inspiration (Phase I), the airway begins to

)
dilate and then to remain relatively constant through the

th

remainder of dinspiration (Phase II). At the onset o
expiration (Phase III) the =zirway begins to enlarge,
reaching maximum diameter and then diminishing in size so
that at the end of expiration (Phase IV), it is at its
narrowest, corresponding to the time when the upper
alrway dilator muscles are least active, and positive
intraluminal pressure is lowest. Ths upper ailrway,
therefore, has the greatest potential for collapse and
closure at end-expiration. Schwab RJ, Goldberg AN. Upper
Airway Assessment: Radiographic and other Imaging

Technigues. Otolaryngol Clin North Am 1998; 31:931-968.

Sleep 1s characterized by a reduction in upper
alrway dilator muscle activity. For the individual with
obstructive sleep apnea (0SA) and perhaps the other
disorders which comprise much of the group of entities
called obstructive sleep-disordered breathing (SDB), it
igs believed that this change in muscle function causes
pharyngeal narrowing  and collapse. Two  possible
etiologies for this phenomenon in OSA patients have been
theorized. One 4is that these individuals reduce the
alrway dilator muscle tone more than non-apneics during
gsleep (the neural thecory). The other i1s that all
individuals experience the same reduction in dilator
activity in sleep, but that the apneic has a pharynx that
is structurally less stable (the anatomic thesory). Both
theories may in fact be contributors to 0SA, but current
studies seem to support that OSA patients have an
intrinsically structurally narrowed and more collapsible

pharynx. Isono S. Remmers J, Tanaka A Sho Y, Sato J,

PCT/US2003/027970
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5 specific sites, such zz the velopharyvngsal level [Isono,
Tbid}, studies of closing pressures [Isono, Ib:d]

supports dynamic fast MBI imasing taat shows narrowing
and collapse usually occurs along the entire length of

the pharvnx. Shszllock FE, Schatz CJ, Julisn P, Silverman
iy P !

5 III. Pricr Treatment Moczlitiss

along the sentire uppsr zairway 1s mechanical positive

by their nature, address speci

n

espiratory cycle, is highly successful, it has some very

significant shortcomings. It can be cumbsrsome to wear

claustrophcbia, facial and nasal mask pressure sorss,

airway irritation). Thess
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The uss of magnetic energy to prevent closure of

1]
ot

airway has previously been proposed. Freedman U.S. Paten
No. 5,176,618, Freedman’s propcsal does not address the
lateral pharyngeal wall or the placement of arrays of
magnets affecting larger areas of the pharyngeal conduit.

The need remzins for simple, cost-zffective devices,
systems, and methods for reducing or preventing sleep
disordered breathing events.

Summary of the Invention

The invention provides devices, systems and methods
that employ magnetic force to resist tissue collapse in
targeted pharyngeal structures and individual anatomic
components within the pharyngeal conduit during sleep.

One aspect of the invention provides an implant
system comprising a ferromagnetic waterial sized and
configured for implanting in a tigsue region in a lateral
pharyngeal wall along a pharyngeal conduit. The system
alse comprises a sourcse of magnetic forxrce sized and
configured for placement  to interact with the
ferromagnetic material to resist collapse of the tissue
region.

Another aspect of the invention provides an implant
system comprising a ferromagnetic material sized and
configured for implanting in one of a soft tissue region
defining a portion of a pharyngeal conduit, a soft tissue
region in a lateral pharyngeal wall, and combinations
thereof. The system further comprises a source of
magnetic force sized and configured for implanting in one
of a tongue, an epiglottis, a soft palate/uvula, in
another soft tissue region in a lateral pharyngeal wall,
in an opposite lateral pharyngeal wall, and combinations
thereof, to repel the ferromagnetic material and resist
collapse of the soft tissue rsgion.

Another aspect of the invention provides an implant

PCT/US2003/027970
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Znother aspect of the invention provides an Implant

device comprising at least Twd discrete sources O

10 magnetism n  flex:ible polyvmer matrix carries the
Giscrate sources of magnetism  In  a spacsd  apar:c
relationship The polymer matrix allows Ilexure betwsen
ths sources of magnsTilsh The implarnt device can be usz=d

Fige. 1& and 1B are anatomic views ol the uppexr

=irwayv in a human, showing certain pharyngesal structures

d

2nd individual anatomic components within the pharyn

g
conduis, Fig. 1k comprising a lateral view and Pig. 1B is
F

a supericr visw tzaken generally along lins 1B-1B in
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Figs. 34, 3B, and 3C ars illustrative types of
cylindrical permznent magnets having radizl
magnsticztion that can  De used as an implanted
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Figs. 44, 4B, and 4C are illustrative types of
cylindrical permanent magnet assemblies having radial
magnetication that can be used as an implanted
ferromagnetic material and/or a source of magnetic force
in the system 10 shown in Fig. 2.

FPigs. 54, 5B, 5C, 5D, 5E, and 5F are illustrative
types of permanent magnets comprising axially magnetized
permanent ring magnets that, when assembled, have radial
magnetizatior that can be used as an implanted
ferromagnetic material and/or a source of magnetic force
in the system 10 shown in Fig. 2.

Figs. 6A, 6B, 6C, 6D, and 6E, are illustrative types
of permanent magnets compriging axially magnetized
permanent disc magnets that, when assembled, have radial
magnetization that can be used as an implanted
ferromagnetic material and/or a source of magnetic force
in the system 10 shown in Fig. 2.

Figs. 7A and 7B show a soft ferromagnetic materizl
configured as a coil that is sized and configured to be
used as an implanted ferromagnetic material in the svstem
10 shown in Fig. 2.

As Fig. 8 shows a ferromagnetic material usable with
the system 10 shown in Fig. 2 that is enclosed within a
selected protective material 58, providing a
biocompatible, durable, corrosion-resistant interface
with tissue/fluids of the body.

Figs. 94, 9B, 9C, 9D, and 9E show flexible magnetic
arrays that can be used in the system 10 shown in Fig. 2
to provide either a repelling magnetic field (e.g., Fig.
9C) or an attracting magnetic field (e.g., Fig. 9D and
SE) .

Figs. 1C2 and 10B ghow one illustrative embodimsnt
of a flexible magnetic array that can be used in the
system 10 shown in Fig. 2 to provide either a repelling

magnetic field or an attracting magnetic field.

PCT/US2003/027974
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10 single magnet oOr ferromagnetic matserza., oY an array
of magnsts or soft ferromacnatic materials, for
‘molantarion to form a system 10 shown in Fig. 2.

Figs. 15%, 15B, and 215C =show a magnet-staple
zesembly, which can be used in ths gvstem 10 shown in

15 Fig. 2.

Pig. 16 shows z magnetic implant having a tissue in-
cgrowth surface 106, which can be used in the system 10
shown in Fig. 2.

Figs. 174, 178, and 17C show a shunt device made of

20 soft ferromagnetic materials that can be used 1n
sesociztion with the magnstic implant shown in Fig. 16 to

Figs. 18%,

]

scurce carriad by &n ©

to pe worn on the
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used to

interacting with

fervromagnetic material of either soft magnetic material
o~ & permansnt magnet with unlike magnetic orientation
30 irvlanted in the tongue, comprising a system 10 shown in
2k repelling magnetic fisld interacting with ferromagnstic
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materizl implanted in the pharvngeal wall, comprising a
system 10 shown in Fig. 2.

Figs. 20A, 20B, and 20C show a magnetic force
source carried by a nesck appliance, which can be used to
generate an attracting magnetic field interacting with
Zerromagnetic materizal of either soft magnetic material
or a permanent magnet with unlike magnetic orientation
implanted in the tongus and/or pharyngeal wall,
comprising a system 10 shown in Fig. 2.

Figs. 212 and 21B show a magnetic force source
carried by another type of neck appliance, which can be
used to generate an attracting magnetic field interacting
with £ferromagnetic material of either soft magnetic
material or a permanent magnet with unlike magnetic
orientation implanted in the pharyngeal wall, comprising
a system 10 shown in Fig. 2.

Pigs. 224, 22B, and 22C show a magnetic force
source carried by another type of neck appliance, which
can be used to generate an attracting magnetic field
interacting with ferromagnetic material of either soft
magnetic material or a permanent magnet with unlike
magnetic orientation implanted in the tongue and/or
pharyngeal wall, comprising a system 10 shown in Fig. 2.

Figs. 234, 23B, and 23C show a magnetic force source
carried by various types of headgear, which can be used
to generate an attracting magnetic field interacting with
ferromagnetic material of either soft magnetic material
or a permanent magnet with unlike magnetic orientation
implanted in the tongue and/or pharyngeal wall,
comprising a system 10 shown in Fig. 2.

Figs. 247 and 24B show the horizontal orientation of
multiple sources of magnetism 146 in the tongue for use
with the system 10 shown in Pig. 2.

Figs. 254, 25B, 25C, and 25D show the horizontal

orientation of multiple sources of magnetism in the
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Figs. 202, 30B, and 30C show the impiantation of a

pharyngeal wall device within the pharyngeal conduit,

Fig. 21 shows thes implantation of one or mere

20 permansnt megnets of soft ferromagnetic materials outside
the pharyngsal conduit, with fixstion to thes hyoid bone.

Figs. 322, 22B, and 32C show implantation of a

pharyngseal wall device withirn the pharyngeal conduilt
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Elthough the disclosure hereof is detailed and =xact
to enable those skilled in the art to practice the
invention, the physical embodiments herein disclosed
merely exemplify the invention, which may be embodiad in

ther spacific structure. While the preferred embodiment
has besen described, the dsztails may be changed without
departing Zfrom the invention, which is defined by the
claims.
I. Magnetic Force Systems

Fig. 2 shows in a diagrammatic way a magnetic force
system 10. In use, the wmagnetic force system 10 10
resists the collapse of tissue in targeted pharyngeal
structures and individual anatomic components within the
pharyngeal conduit during slesp.

In its most basic form, the magnetic force system 10
comprises at least one ferromagnetic material 12 and at
least one source 14 of magnetic force. The ferromagnetic
material 12 is implanted in a targeted tissue region
within the pharyngeal conduit. The source 14 of magnetic
force interacts with the implanted ferromagnetic material
12, as shown by arrows in Fig. 2. The magnetic force
creates a magnetic field within the targsted tissue
region to achieve the desiresd phvsiologic response, which
is to resist the «collapse of tissue 1in targeted
pharyngeal structures and individual anatomic components
within the pharyngeal conduit during sleep.

The targeted pharyngeal structures and individual
anatomic components within this region can include the
pharyngeal walls; the base of the tongue; the vallecula;
the hyoid bone and its attachments; the soft palate with
uvula; the palatine tonsils with asscciated pillar
tissue; and the epiglottis. These anatomic regions are
shown in Figs. 12 and 1B. Representative examples of
embodiments of magnetic force systems 10 in certain

targeted pharyngeal structures and individual anatomic

PCT/US2003/027%74



WO 2004023870 PCT/US2003/027970

4 mhe Tmplanced Ferromagnstic Matsrizl

The ferromagnesic material 12 12 & materizl that has
5
10

coercivity, which is a measurs of 1its registancs to

i_l
m
(@]
I
=
j83)
Q
3
[
ct
‘,l
t1
V)]
(%)
‘J.
O
5]

20 Ths poles are locations where magnetic attraction is

rezlized. Relative to EBarth’'s geographic poles, if th

M

nl
=2
M

ragne:- is free to turn, one pole will point to
geographic north pole, and is thus called a North pole,

and the opposite pcole

25 the magnet.

ragnetic south pole, which aztracts the north pole of
t

30 unlike polarity {(North-Soutlh or South-North) af

)
un
-
Al
(!
1
n
QO
0
by
]
ot
jan
]
3
1]
13
L
4}
ot
t
N
o
n
(w
(h
o)
(1
iny
O
ul
by
4]
3
‘_l
h
@]
g
g
O
n
I.J
wi
Ul
3
O
,__J
m
m



WO 2004/021870 PCT/US2003/027970

1
=
188

|

face sach othsr.
Examples of Inown permanent magnet materials include
alloys of Neodymium-Iron-RBoron (NdFeB) , alloys of

Aluminum-Nickel-Cobalt (AINiCo), and Samarium Cobalt

(SmCo) .

wn

An electromagnet (current flowing through a coil of
wire) can be substituted for a permanent magnet.
L “Soft” ferromagnetic material is a material that

can be demagnetized very easily, once having been

0]

-
(@]

magnetized. In other words, a soft ferromagnetic material

retains almost no resgidual wagnetism after the

magnetizing force 1s removed. Soft ferromagnetic

materials have wvery high permeability and saturation

magnetization, but wvery low intrinsic coercivity. Soft

15 magnetic materials can be attracted by a permanent magnet
or an electromagnet.

‘ Exaﬁples of known soft ferromagnetic materials
include Iron (Fe); Nickel (Ni); Permendur; MuMetal, low-
carbon steels, Iron-Cobalt alloys (Fe-Co); silicon steels;

20 and amorphous alloys.

B. The Source of Magnetic Force

The magnetic force source 14 comprises a permanent
magnet. An electromagnet (current flowing through a coil
of wire) can be substituted for the permanent magnet and

25 serve as the magnetic force source.

The magnetic force source 14, like the ferromagnetic
material 12, can be implanted in a targeted tissue region
within the pharyngeal conduit. Illustrative examples of
implanted sources 14 will be described later.

30 2Alternatively, as shown in phantom lines in Fig.2, the
magnetic force source 14 can be implanted or otherwise
carried external to a pharyngeal structure region, e.g.,
in the cral cavity, neck, head, or mandible. Illustrative
examples of external sources 14 will also be described

35 later.
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comprise & DErmanent magnet. The permanent magnset can be
configured in various ways and take various shapes. £.9.,
cylindrical, sguars, rectangular, or other polygons.

Permenent macnets with radial magnstization may be
S

J

e they direct magnetic flux 1

directione that extend radially from the center of th

4]

body of the magnet. because of the radial magnetic Ilux
directione, the permansnt magnet presents the same magnst
pole (north oxr south) about its enrire outer surface.

, Tig. 32 shows a cylindrical permanent

magnet 16 having 1adizl magnstization that can be used a
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cylindrica: permanent magnst & has an out

magnetizaticn, OIS magnerlc pole Fi is on the outer
u —_ - ] — — ——— T~ A -
diametsY e, and ons magnetlc pole is on th= 1nner
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cylindrical permanent magnet 16 magnetized such that the
north pole is on the outer diameter 18 and the south pole
is on the Innsr diamster 20. Fig. 3C is & cross section
of the cylindrical permanent magnet magnetized such that
the south pole is on the outer diameter 18 and the nor:h

s on the inner diameter 20. In Figs, 3B and 3C,

o]
O
}_J
0}
‘!_J

ows show the respective directions of magnetic moment
or flux. The direction of magnetic moment or flux is also
called the magnetization direction or magnetic
orientation direction. In Tigs. 3B and 3C, the

n be seen to lie in radial paths from th

4]

a
center of the wmagnst Dbody, hence the descriptive
terminology “radial magnestization.”

Fig. 4A shows a «c¢ylindrical permanent magnet
assembly 22 having radial magnetization that can be used
as an idmplanted ferromagnetic material 12 and/or a source
14 of magnetic force in the system 10 shown in Fig. 2. In
Fig. 42, the radial orientation 1s achieved by the
assembly of radially magnetized arc segments 24. The
assembly 22 of arc segments 24 collectively forms an
outer diameter 26 and an inner diameter 28. In Fig. 43,
eight arc segments 24 form the assembly 22. It should be
understood that a few or greater number of arc segments
24 can be used. As a general rule, however, the greater
the number of arc segments 24 in a given assembly 22, the
better the assembly 22 achieves the desired radial
orientation. The limitation on the number or arc
segments 24 is, of course, the size of the assembly 22.
Fig. 4B is a cross section of the cylindrical permanent
magnet assembly 22 with the eight arc segments 24
magnetized such that the north pole is on the outer
diameter 26 and the south pole is on the inner diameter
28 of the assembly 22. Fig. 4C is a cross section of the
cylindrical permanent magnet assembly 22 with the eight

arc segments 24 magnetized such that the south pole is on

PCT/US2003/027970
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errows show the respective directions of magneiic moment

or flux, and the orientation can bs sesen to lie in radial
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bodieg 30 and 32. Flg. 5F shows the Presence of the
spacer 40 betwesen the two magnet ring bodies 30 and 32.

The spacer 40 improves the repslling force betwean

magnets of this type and neighboring magnet (s) . The
spacer 40 can comprise any soft ferromagnet material,
such as iron, low-carbon steel, Fe-Co alloys, silicon

steels, permendur, or amorphous alloys. The spacer 40 can
also comprise non-magnetic materials or polymers,
although the use of soft magnetic materials is preferred
to maximize the enhancement of the repelling force.

As another example, Fig. 627 shows two permanent disc
magnets 42 and 44 magnetized along the axis of the
respective body of each magnet. In this arrangement, one
pole Pl is on one axial end of the magnet disc body
42/44, and the other pole P2 is on the opposite axial end
of the magnet disc body 42/44. The two magnet disc bodies
42 and 44, each with axial magnetism, can be assembled
together with like poles facing each other, to create an
assembly 46.

Fig. 6B shows the assembly 46 of two magnet ring
bodies 42 and 44, assembled together with 1like north
poles facing each other. Fig. 6C is a finite element
analysis of the flux directions in a cross section of the
assembly 46 shown in Fig. 6B. As Fig. 6C shows, the
assembly 46 possesses a radial-like orientation, with the
north pole on the outer diameter 48 of the assembly 46.

Conversely, Fig. 6D shows the assembly 46’ of two
magnet ring bodies 42 and 44, assembled together with
like south poles facing each other. Finite element
analysis, of the type shown in Fig. 6C, demonstrates the
assembly 46’ possesses a radial-like orientation opposite
to that shown in Fig. 6C, with the south pole on the
outer diameter 48.

In the assembly 46 or 46’ of either Fig. 6B or 6D, a

spacer 50 can be introduced between the magnet disc

PCT/US2003/027970
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or configuration ares desirably coated, plated,
encapsulated, or deposited with a selected protective
material 58, particularly if intended to be implanted.
The protective material 58 is selected to provide a
5 corrosion resistant and biocompatible interface, to
prevent interaction between the ferromagnetic material 12
and/or the source 14 of magnetic force and tissues/fluids
of the body. The protective material 58 is also desirably
selected to form a durable tissue interface, to provide
10 longevity to the system component, and thereby provide
resistance to structural fatigue and/or failure. Selected
to provide these desired physical and physiologic
benefits, the protective material 58 and its application
to the system component are also desirably selected to
15 avoid imparting stiffness to the system component itself.
The protective material 58 can be selected among
various types of materials known to provide the desired
biocompatibility, resistance to corrosion, and
durability. For example, the protective material 58 can
20 comprise titanium material plated, deposited, or
' otherwise coated upon ths ferromagnetic material 12
and/or the source 14 of magnetic force.‘4As another
example, the protective material 58 can comprise a
parylene coating. As other examples, the protective
25 material 58 can comprise a silicone polymer, & non-toxic
epoxy, a medical grade polyurethane, or a U.V. curable
medical acrylic co-polymer.
The protective material 58 may also incorporate
anticoagulants and/or antibiotics, particularly if the
30 system 10 component is intended for implantation.
IIT. Illustrative Ferromagnetic Implant Assemblies
Useable with the Magnetic Force System
A. Discrete Magnets
The implanted ferromagnetic material and/or the

35 source of magnetic force can each comprise a single or
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place small individual magnets or fsrrous shapes than
placing long strips in the anatomy.

It may be desirable to have uneven numbers of
magnets in any two opposing anatomical features. For
instance, a magnet on one side of an anatomic structure
may be faced with two magnets on the opposite side of the
anatomic structure. It may be desirable to oppose a
single magnet with 3 or 4 opposing magnets. The use of
uneven numbers of magnets in opposing anatomic features
allows for more variation in implant alignment.

B. Injected Soft Ferrcomagnetic Zlloys

A soft ferromagnetic material may be implanted by
injection into tissue. For example, a magnetorheological
(MR) fluid composed of a soft ferromagnetic material
suspended in an injectable media may be placed into
tissue to achieve the desired physiologic response. The
MR fluid is by definition at different viscosity levels
based upon magnetic field exposure and the exposing field
strength.

The MR fluid can be created by mixing powder, small
beads, or shavings of the alloy or ceramic (e.g., iron
oxide or carbonyl iron) with a biocompatible media to
create a uniform dispersion of the alloy. The
biocompatible media may compriss an Elastin™ media, or
may comprise an oil or low wviscosity liguid that is
biocompatible or is packaged within a biocompatible
compartment to facilitate pharyngeal wall shaping,
positioning, or improving the tone of the tissue. The
media that the MR fluid is injected within may be a
polyvinyl acetate (PVA) or foam that is appropriately
sealed to provide biocompatibility.

blternatively, a powder, small beads, or shavings of
soft ferromagnetic material alloy can be mixed with the
dry component of two part polymethyl methacrylate (PMMAZ)

cement. The liguid component would be added to polymerize

PCT/US2003/027970
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a ferromagnetic material 12 of the system 10, and a
second matrix 60(2) can be located, e.9., eithsr by
implantation within the pharyng=al conduit or bv
implanctation or external placement outside the pharyngsal
conduilt, to comprise a source 14 of magnetic force of the
system 10. As will be demonstrated in greater detail
later, when magnetic arrays 60(1) and 60(2) are oriented
in a desired relationship with respact to targeted
pharvngeal structures and individual anatomic components
within the pharyngeal conduit, the repelling force

existing between the arrays 60{1) and 60(2) can be used

t
0
o

eep tissue from collapsing.

It should be appreciated that two arrays 60(1) and
60(2) arranged with south poles facing each other, when
suitably placed in an adjacent facing relationship with
respect to the pharyngeal conduit, will lead to the
existence of repelling forces, and the same desired
physiologic response.

Fig. 9D shows a first array 60(1) of the north pole
orientation placed in an adjacent facing relationship
with a second array 60(2) of the south pole orientation.
An attracting force exists between the two arrays 60(1)
and 60(2). In the context of the system 10 shown in Fig.
2, a first matrix 60(1) can be implanted, e.g., in a

a

targeted tissue reglon to comprise a ferromagnetic
material 12 of the system 10, and a second array 60(2)
can be located, e.g., either by implantation in the
rharyngeal conduit or by implantation or placement
external to the pharyngeal conduit, to comprise a 3ource
14 of magnetic force of the system 10. As will be
demonstrated in greater detail later, when the arrays
60 (1) and 60(2) are oriented in a desired relationship
with respect to targeted pharyngeal structures and
individual anatomic components within the pharyngeal

conduit, the attracting force existing between the arrays

PCT/US2003/627970
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5 66 {e.g., Eiperco 50Z, EYMU-80, 25.95% Zrom, or
Stzinless Stesel) can also be enczsed, pachaged,
otherwise arrangsd on a Iflexible matrix 64, to Zorm &
magnetic array 60. In the contsxt of the system 10 s
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20 imparts biocompatibility, durability, and Ilexibility to
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imparts improved comfort, tolerance, and bic-accept
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Flexible magnetic arrays 60 can be rszalized in

various physical forms. Fig. 10A shows one illustrative
embodiment of a magnetic strip array. In this
cembodiment, the individual magnets 62 or soft

ferromagnetic materials 66 are encapsulated within a
carrier strip material 68 The magnets 62 or soft
ferromagnetic materials 66 are arrangsd in a spaced apart
pattern within the carrier strip material 68. The carrier
stri material 68 encloses the magnets 62 or soft
ferromagnetic materials 66, thereby also providing the
functional benefits of the protective wmaterial 58
discussed above. The spacing betwsen the magnets 62 or
soft ferromagnetic materials 66 within carrier strip
material 68 provides the reguisite flexibility desired.

The magnetic strip array 60 may have a straight edge
as shown in Fig. lOA,:or may be irregular or convoluted,
as shown in Fig. 10B, to enhance anchoring within the
tissue. The carrier strip material 68 may also be
perforated or roughened for -the same purpose. Further
details of the benefits and desirability of tissue in-
growth will be discussed later.

Flexible magnetic arrays 60 can also be created
using bonded magnets, as already described.

Fig. 11 shows another embodiment of a magnetic strip

o

rray 60. This array 60 affixes magnets 62 or soft

=

erromagnetic materials 66 to a flexible polymeric strip
70. Areas 72 are formed in the strip that comprise
“living hinges” ©between the magnets 62 or soft
ferromagnetic materials 66. The living hinges 72 impart
enhanced flexibility to the array 60. The living hinges
72 may be aligned with either axis of the array 60. 2As
an alternate to the formed hinges 72, the flexing area
may be convoluted as shown in reference numeral 74 in
Fig. 11. Such convolutions 74, which may also be thinner

than the rest of the carrier strip 70, may be used to

PCT/US2003/027970
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size of individual magnsts 62 or sof: ferromagnetic
materials 66 in the arrav 60, are selected with the ease
and bio-comfort of implantation in mind, while at the
same time providing sufficient magnetic force to wresist
tissue collapse, taking into account the anatomy of ths
region of implantation and orientation of other
components of the system 10. As one example, a size of
12mm wide, 40mm in height and 3 to 3.5mm in thickness may
be provided, while it is apparent that either larger or
smaller implants will algo achieve the desired
physiologic response. Furthesrmore, the individual magnets

62 or soft ferromagnetic materials 66 can have various

geometries -- rectangular, cylindrical, spherical, oval,
etc. -- as long as the desired physiologic response 1is
achieved.

Flexible magnetic arrays 60 are well suited for
implantation in targeted pharyngeal structures and other
anatomic components within the pharyngeal conduit,
serving either as a ferromagnetic material 12 or a source
14 of magnetic force, or both. A flexible magnetic array
60 can implanted alone, or in combination with other
ferromagnetic materials, or in series with other flexible
magnetic arravs 60, or in parallel with other flexible
magnetic arrays 60, or in one or more pairs of opposing
magnetic strip arrays 60, and in either a horizontal or
vertical anatomic orientation, and/or in a linear or
curvilinear pattern within the pharyngeal conduit. For

example (see Fig. 24), flexible magnetic arrays 60

+

carrying permanent magnets are well suited for
implantation in the posterior of the tongue, with an
array desirably positioned both laterally left and right
of the centerline of the tongue. In this arrangement,
other flexible arrays 60 of permanent magnets having the
same magnetic orientation might then be implanted in

tissue in the lateral pharyngeal wall directly opposite

PCT/US2003/027970
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ferromagnetic material 66 to a holding or anchoring

re 84 that provides resistance against movement of

)]
rt
I
[l
9]
e

o

the implant within tissue. This is particular relevant
when the implantation region presents a relatively large,
soft tissue mass, such as in the tongue. The tethering of
the magnet (s) permits placement of the magnet (s) in
closer proximity to the source 14 of magnetic force.

By way of example, Fig. 132 shows a permanent magnet
62 ox soft ferromagnetic material 66 tethered by a band
86 to a holding or anchoring structure 84. The band 86
may comprise a non-resorbable suture material, other

woven biocompatible lacing or fabric, a non woven polymer

o

strip such as nylon or acetal or a biocompatible metallic

material such as nickel titanium alloy (Nitinol®). While
such materials are non-elastic, the band 86 may also be
made of an elastic material. Such elasticity could
provide compliance and increased comfort for the patient.
For instance, when swallowing, the tongue moves in an
anterior direction and elasticity may prevent arousal
from sleep and further may avoid migration of the magnet
62 or soft ferrormagnetic material 6s5.

The holding structure 84 is wider than the band 86,
thereby providing resistance for the implanted magnet 62
or soft ferromagnetic material 66 against being pulled
through or out of the implanted tissue region (which is
shown in phantom lines in Fig. 132a).

The material of the holding structure 84 can be any
biocompatible flexible metal or polymeric compound that
will resist deterioration, while exhibiting sufficient
flexibility to prevent discomfort or affecting speech or
swallowing.

As shown in Fig. 13, the holding structure 84 may
include perforations 88. The perforations 88 impart
greater flexibility to the holding structure 84. The

perforations €8 also accommodate tissue in-growth,

PCT/US2003/027970
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targeted tissus region. The surgeon may anchor the sleeve
¢2 in place by suturing, stapling, or screwing. Following
insertion and anchoring of the sleave 92, the magnets
€2/66 or magnetic array 60 would be placed into the

eeve 92, as indicated by the arrow in Fig. 14A. The
top of the sleeve 92 and the opening of the incision
would be closed by suturing or other ccepted closure
means such as stapling, etc.

Use of a sleeve 3952 to receive the wmagnetic implant
allows the surgeon to more readily change or titrate the
type, strength or number of magnetic components implanted
in the targeted tissue region. To make such a change, an
incision would be made at the opening end of the sleeve
92 and the magnet or magnetic array would be slid out of
the sleeve, then replaced by a different strength or type
of magnet, if such a change was deemed desirable. This
would be a simpler, faster and less morbid procedure than
having to cut tissue surrounding the implant to remove an
existing implanted array.

Use of a sleeve 392 alsc allows tissue in-growth to
the sleeve 92 to take place at the implantation site
before the ferromagnetic material is installed.

The sleeve 92 is made of a material having the
characteristics of the protective material 58, already
described. In addition, the =sleeve material also
desirably accommodates or encourages tissue in-growth, as
11l be described shortly.

In Fig. 14B, the sleeve 92 may include an integrated
anchoring device that imparts increased stability and
anchoring of the sleeve 92 within the tissue. In this
embodiment, the sleeve 92 includes wings or barbs 94 that
can be deploved into surrounding tissue after
implantation of the sleeve 392, The deployment of the
wings 94 at the appropriate time can be achieved in

various ways. For example, each wing 94 may include a

PCT/US2003/627970
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follows the compliance of the soit tissus in the targeted
implant area, particularly in its most relaxed gtate,
when tissue collapse can occur during slee

The magnet-staple assembly 98 can bs stapled within
the interior of a tissus flap or incision, to minimize
direct exposure of the magnetic element to the pharyngsal
conduit. In this arrangement, onlv the staple flange 100
would be exposed to the interior of the pharyngezal
conduit at its bends, which would project outward from
within the tissue flap or incision. In this situation,
the incision can be sealed with a biocadhesive or
sealant.

Alternatively, the magnet-staple assembly 98 could
be stapled directly to targeted pharyngeal structures and
anatomic components within the pharyngeal conduit,
leaving most of the magnet-staple assembly 98 exposed. In
this situation, tissue healing can be encouraged‘by
coating the magnet-staple zassembly 98, e.g., with a
hydrogel doped with or treated with a wound-healing drug.

A single magnet-staple assembly 98 can be implanted
in a targeted tissue region. Alternatively, magnet-
staple assemblies 98 could be implanted in multiple
locations in targeted pharynoeal structures and anatomic
components within the pharyngeal conduit in horizontal
and/or vertical arrangements (see Fig. 15B) gelected to
repel or attract neighboring magnets, as required to
achieve the desired physiologic response.

The stapling flange 100 can be attached to the
permanent magnet 62 or soft ferromagnetic material 66 in
various ways. For example, electro-forming, bonding, or
comparable means could be used to integrally attach the
stapling flange 100 to the permanent magnet 62 or soft
ferromagnetic material 66. Zlternatively, as shown in
Fig. 15C, the staple component 102 could be separately

formed by metal etching or laser cutting. In this

PCT/US2003/02707¢
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20 The arms 150 may be oriented horizontally in a single row

or in a wertically stacked relationship along the
pharyngeal conduit (as shown in Fig. 30C), in an angulazr
path within a lateral pharvngezal wall (as shown in Fig.

a
20B). Depending upon orientation, the arms 150 can be
"—.
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5. Fixation to Bone Outside the Pharyngsal
Conduit (Hyoid Bon=z)

Implantation of one or more permansnt magnets or

soft ferromagnatic material outside the pharyngeal

o

fizaticn to bone, may alsc be indicate
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attached, and movemsnt o the hyoid bone can affect the
phearyax and tissues surrounding the pharyvngesal conduit.
In some patlents, prevanting anterior and inferior

movament of the hyveid bons can assist in keeping the
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pharyngeal conduit open.

Fig. 31 shows a magnet 154 (which can comprise a

3

scoft <ZIerromagnatic material or a permanent magnet)
tethered to the boay of hyoid bone by a cord or band 156.
The cord or band is attached by a crimp ring 158 to the
body of the hyoid bone (531). The band 156 may comprise a
non-resorbable suture material, other woven bilocompatible
lacing or fabric, a non woven polymer strip such as nvlon
or acetal or a bilocompatible metallic material such as
nickel titanium alloy (Nitinol®).

The cord or band 156 allows the magnet 154 to be
placed in proximity to the mandible symphis. The cord or
band 156 also transmit forces acting upon the magnet 154
to the hyoid bone.

In use, the implanted magnet 154 can interact with a
source 14 of magnetic force, positionad, e.g., in the
oral cavity (an oral appliance suited for this purpcse
will be described in greater detail later). The magnetic
interaction with the source 14 can, e.g., attract the
implanted magnet 154, exerting a force (via the band 156)
in an upward/forward direction upon the hyoid bone. The
magnetic attraction keepg an angular upward and forward
force on the hyoid bone, preventing droop downward and
backward and thereby assisting in maintaining the
pharyngeal condult open.

5. Tissue In-Growth Surfaces

In addition to any of the just-described tissue
fixation methodeclogies {see Fig. 16), the magnetic implant
(generally designated MI in Fig. 16) can include a tissue
in-growth surface 106. The surface 106 provides an
environment that encourages the in-growth of neighboring
tissue on the magnetic implant MI. As in-growth occurs,
the implanted magnetic implant MI will become securely
anchored, resisting migration or extrusion from the

tissue. The tissue in-growth surface 106 thus enhanced

PCT/US2003/027970
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macerial is opsn and porous, providing Iissurss into
whichk fluids may enter and to which body tissue can
15 attach andé grow. Other such inert polymers and even
metzls (such as nickel titanium - Nitinel®) when treated
or coatsd to provide a granular or fibrous suriace, may
cffer z substratse for tissus in-growth. An alternativs
form of <he in-growth matrix may be an open celled
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combination with the in-growth surfacs 106.
It may be desirable to mechaniczlly anchor the

magnetic implant while allowing Zn-growth to occur.

H

smporary anchoring may be accomplishsed by use of

un
§

resorbable suturss, screws or other mechanical fasteners
made of resorbable materials such as polyglycolic acid or
other similar compounds. Tissue adhesives may also be
used to provide tissue adhesion, fixation, and
stabilization.
10 (1) Temporary Shunt Device

Fig. 17A shows the use of a temporary shunt device
108, which :is sized and configured for use during a

tissue in-growth period in combination with a magnetic

=]

implant MI having an in-growth surface 106 (see Fig.

s

15 17B}). The shunt device 108 is made of material (s) that
are selected to shunt or short a magnetic field produced
by an appropriate magnetic force, so that the magnetic
implant MI does not shift or move as a result of the
magnetic field while tissue in-growth is taking place.
20 For the purpose of illustration, in Fig. 17B, the
magnetic implant MI is shown fixed vertically along a
pharyngeal wall.

As shown in Fig. 174, the shunt device 108 comprises
one or more soft ferromagnetic alloys 110/112 assembled
25 in layers. The layers 110/112 may comprise, e.g., HYMU-80
material, 2V Permendur material; Hiperco 50A material;
Puron material; Stainless Steel 410 or 17-4 material; or
1010 carbon steel material; 3N5 (99.95%) iron material;
or any other suitable metal of alloy that has high
30 permeability and/or saturation. These materials may be
coated on a substrate.

As shown in Fig. 1724, the shunt device 108 includes
two layers 110/112 of soft ferromagnetic alloys. The
shunt device 108 1is desirably coated with a protective

35 material 58 (as alrsady described) for biocompatibility,
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zlso be used to impart flexibility. These segment

s 116 zlso make it possible to match on the shunt
device 108 the gross magnetic cross section of the

25  magnetic implant MI.

of the magnetic
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pharmosz]l conduit. Viable sites for locating an external
souxce for effective mzgn=tic interaction with

25 ferromagretic materials within the pharyngsal conduit
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include the oral cavity, the neck, the jaw, the head, and
the chin. The system 10 includzs a selection of various
external app-_iances worn in the mouth, on the neck, or on
the head, from which a practitioner may select to craate
an external support site for a magnetic force source.
Representative examples of thsse appliances will now be
presented. The appliances are desirably worn after a
suitable time following implantation of the devices, to

allow implant stabilization, tissue in-growth, and

o

saling to occur.

A Oral Appliances

Appliances worn in the oral cavity can provide an
external source of magnetomtive force for interacting
with ferromagnetic material implanted in targeted
pharyngeal structures and/or anatomic components within
the pharyngeal conduit.

1. To Provide an Attracting Magnetic Force

One illustrative arrangement is shown in Fig. 18A. A
magnetic force source 14 (e.g., one or more permanent
magnets 62) 1s carried by an oral azppliance 118. The oral
appliance 118 is sized and configur=d to be worn on the
front lower teeth (see Fig. 18B), desirably during
periods of sleep. The permanent magnets can be of any
shape, size, composition, and/or orientation. As already
explained, an electromagnet can be substituted for =a
permanent magnet.

The oral appliance 118 is fitted to be worn on the
front lower teeth, to hold the position of the source 14
in a stable manner at the front of the oral cavity during
sleep. This general configuration of oral appliance is
well known to the dental profession for cther purposes,
and 1s made for each patient from impressions taken by
the dentist. The oral appliance 118 enables full freedom

of movement for the lower jaw.

In the embodiment shown in Fig. 18B, the desired

PCT/US2003/027970
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comprise permanent magnets having a magnetic orientation

The magnetic filsld F bstween ©ppCsite magnetic
orientations creatss an attracting force. ks a result of

5 the attracting foxrce, ths tongus is drawn forward, toward

to resist an occlusion of

the airway at the base of ths tongue.
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2. To Provide a Repzlling Magnetic Force

Znother illustrative arrangsment 1s shown in Fig.

nfiguration of the cral appliancs 120 shown in
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Figs. 192 a2nd 198 is, in general, similar to dental
appliances used for prevantion of bruxism and snoring.
This general tvpe of cral appliance is well known to the
dental profession for these purposes and is made for each
patient from impressions taken by the dentist. The oral
appliance 120 leaves the lower Jjaw full freedom of
movement.

In Fig. 19B, the oral appliance 120 is shown fitted
to the lower teeth, which is desirably accomplished prior
to going to sleep. The oral appliance 120 holds the
magnets 62 of the source 14 at desired poszitions
postericr to the molars. The magnets 62 can be held by
the oral appliance 120 either above the lower jaw, or
laterally outside the lower jaw, or laterally inside the
jaw. Any one or combination of these locations may be
utilized.

In the embodiment shown in Fig. 198, the desired
physiologic response (resistance of airway tissue
collapse) 1s achieved by the source 14 creating a
magnetic £field F that interacts with ferromagnetic
material implanted 12 in lateral sides of the pharyngeal
wall. The implanted ferromagnetic material 12 can
comprise permanent magnets having a magnetic orientation
that is the same as the magnetic orientation of the
magnets 62 of the source 14. The permanent magnets can be
of any shape, size, composition, and/or orientation. The
magnetic field Dbetwsen like magnetic orientations
generates a repelling force. The repelling force provides
resistance against tissue collapse in the pharyngeal
conduit, to resist an occlusion of the airway.

B. Neck Appliances

Appliances worn about the neck can also provide an
external source of magnetomtive force for interacting
with ferromagnetic material i1mplanted in targeted

pharyngeal structures and/or anatomic components within
X Y

PCT/US2003/027970



WO 2004/021870

IMJ
(6]

2!

(F%]

)
Ut

D

0

- 43 -
the pharyngszl conduit.
Fig. 202 shows an illustrative configuration for a

c
worn completelv zbout the nsck (ses Fig. 203) . The

collar 122 can bz, =.g., of & cloth-covered foam material
for comfort and may have z stretch closure strip 124 (as

shown in

include

material, or simply a buckles or hook and eve means of

enhance the comfort for the wsarsr. The fabric covering
mzy bs, e.3., a terry cloth or jerssyv tvype fabric, which

-

can be removable Zor washing. Further, the collar 122

N

desirably includes & stiffening member (not shown) that

is encased within the foam or on the outer surface of +he

(

rides control of the shape

spring characteristics

ghind the jaw bone, t

o
22 during sleep. With

patients that do not have a clearly defined jaw (such as

in obese peorle), it may be desirable to incorporate an

adhasive patch to prevent rotation of the collar 122.
As shown in Fig. 20A, the collar 122 carries =a

magnetic force source 14, which comprise one or more
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source magnets 62 for interaction with ferromagnetic

material 12 implanted in the pharayngeal conduit. The

(]

magnets may be singl or multiple magnets.
Electromagnets may be used in place of permanent wmagnets.

In the embodiment shown in Fig. 202, the pockets 126
accommodate the placement of arrays of permanent magnsts
62 on the left sids of the collar 122, on the right side
of the collar 122, and on the front of the collar 122.
The physician selects the placement according to the
desired physioclogic responsea.

In the embodiment shown in Fig. 20C, the physician
inserts arrays of permansnt magnets 62 in the left and
right side pockets 126 of the collar 122. In this
arrangement, the desired physioclogic response (resistance
of airway tissue collapse) is achieved by the source
magnets 62 creating magnetic fields F1 and F2 that
interacts with ferromagnetic material 12 implanted in
left and right lateral sides of the pharyngeal wall
(i.e., the portion of the pharyngeal wall that extends on
the left and right sides of the spinal column, which
extends generally along the midline of the pharyngeal
wall). The implanted ferromagnetic material 12 can be
either a soft magnetic material or a permanent magnet.
In the case of implanted permanent magnets, the magnets
have a magnetic oxientation opposite to the magnetic
orientation of the magnets 62 of the source 14. The
permanent magnets can be of any shape, size, composition,
and/or orientation. The magnetic fields F1 and F2 betwean
opposite magnetic orientations create attracting forces
between the magnets 62 carried on the collar 122 and the
implanted magnets 12. The attracting forces Fl and F2
provides resistance against tissue collapse in the
pharyngeal conduit, to resist an occlusion of the airway.

In the embodiment shown in Fig. 20C, the physician

also inserts an array of permanent magnets 62 in the

PCT/US2003/027970)
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In this arrangemsnt, a desired plysiclioglc rasponse
5 ‘~ezistance of zirwayv tissue collapse) iz achieved by ths
scurce magnets €2 on the front of the ccllar 122 creating

10 attracting force on the implanted ferromagnetic material

permanent magnst. In the case of permznent magnets, the
magnets have a magnetic orisntation opposits to ths

of the source 14

l,_.l
u
8]
&
ot
5
[
H
I
@]
3
T
O
o
M
@]
O
o
juj
H
} -
[
b2
13
=
]
o]
[}
]
3
(D
e
o
=
' )
H
0]
t
0
N
S\
n]

,4
Y
(b
' 1
=3
Fa
jU)
[}
(t
6]
'
Lo
Q
[l
e}
(n
Q]
(.
t
D
r
Iy
3}
I
4]
0,
l 4
=}
s}
}__l
u
(o]
(R
ot
'r{:]‘
m

occlugion of the airway at the base of the tongue.

In the embodiment shown in Fig. 20C, the implanted

ferromagnetic matsrials 12 and 12

]
u

pharyngeal walls and back of the tongue are psrmanent

magnsts, and all

which is opposite to the magnetic orientation of the
= =

magnets 62 carried by the source collar 122. It is this
D

crisntation that crsates the attracting

W)
(]

F1, F2, and F3 betwesn the magnets 62 in
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P

the pharvngeal conduit. The repelling forces themselves
resist occlusion of the pharyngeal conduit. This dynamic
interaction provides a magnetic force to attract (i.e.,
hold) the implanted ferromagnetic materials 12 and 12
away from the center of the pharyngeal conduit (collar to
implants), which aids the repelling forces betwesn the
implants themselves (implants to implants). An enhanced
physiclogic response is vreated by this dynamic
interaction.

The configuration of the collar 122 can vary
depending upon the anatomic placement and location of the
implanted ferromagnetic materials 12 and 12'. Taking
this into account, a given collar need not fully encircle
the neck.

For example, a partial neck collar 128 is shown in
Fig. 212. The collar 128 is worn on the side and back of
the neck. In this arrangement (see Fig. 21B), the
physician inserts arrays of permanent magnets 62 in left
and right side pockets 126 of the collar 128, as well as
in pockets 126 in the back of the collar 128. In this
arrangement, the desired physiologic response (resistance
of airway tissue collapse) is achieved by the source
magnets 62 creating magnetic fields F1, F2, and F2 that
interact with arrays of ferromagnetic materials 12
implanted in 1left and right lateral sides of the
pharyngeal wall. The implanted ferromagnetic materials 12
have a magnetic orientation opposite to the magnetic
orientation of the source magnets 62. The magnetic fields
Fl, F2, and F3 between opposite magnetic orientations
create an attracting force between the magnats 62 carried
on the collar 128 and the implanted magnets 12. The
attracting forces Fl, F2, and F3 provide resistance
against tissue collapse in the pharyngeal conduit, to
resist an occlusion of the airway.

As in the embodiment shown in Fig. 20C, the

PCT/US2003/027970
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magnetic orientation of the source magnets 62 in the chin
piece 132. The implanted ferromagnetic material 12 can
be, e.g., a2 tethered implant type, shown in Figs. 13A

and 13B, and already described. The magnetic force F

o

etween opposite magnetic orientations creates an
attracting force. As a result of the attracting force F,
the tongue is drawn forward, toward the front of the oral
cavity, to resist an occlusion of the airway at the base
of the tongue.

As Fig. 22B shows, the collar 130 may also carry a
magnetic force source 14 on its left and right sides.
The force source 14 may comprise one Or more permanent
magnets €62. The permanent magnets can be of any shape,
size, composition, and/or orientation. As already
explained, an electromagnet can be substituted for =a
permanent magnet.

In this arrangement, the desired physiologic
response (resistance of airway tissue collapse) is
achieved by the source magnets 62 on the left and right
sides of the collar 130 creating a magnetic field that
interacts with arrays of ferromagnetic material 12
implanted in left and right lateral sides of the
pharyngeal wall (e.g., in the pattern shown in Fig. 20C).
The implanted ferromagnetic wmaterials 12 can comprise
permanent magnets having a magnstic orientation opposite
to the magnetic orientation of the source magnets 62 or a
soft ferromagnetic material. The permanent magnets can be
of any shape, size, composition, and/or orientation. The
magnetic field between opposite magnetic orientations
creates an attracting force between the magnets carried
on the side of the collar 130 and the implanted
ferromagnetic material 12. The attracting force provides
resistance against tissue collapse in the pharyngeal
conduilt, to resist an occlusion of the airway. Due to

the design of the collar 130 shown in Fig. 22A and 22B,

PCT/US2003/027970
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The advantages of external nack appliances include:

may be used than could be

an zppliance

0 Discrete magnets or arravs of magnets may be affixed with
adhesives or zTapes on external sltin surfaces of the neck
chin, hesad, or jaw to achieve comparable ‘nteraction with
implanted ferromagnetic materials.

C. Head-Worn 2Zppliances

5 Zppliances worn on the hesad can also provide an
0 Fig. 232 shows an illustrative configuration for a

hzad-worn appliance 136. The appliance 136 comprises a

molded headgear that conforms to the top of the head with
1
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on its left and right sides. The force source 14 may
comprise one or more permanent magnets 62. The permanent
magnets can be of any shape, size, composition, and/or
orientation. As already explained, an electromagnet can
be substituted for a permanent magnet.

In this arrangement, the desired physiologic
response (resistance of airway tissue collapse) 1is
achieved by the source magnets 62 on the left and right
sides of the head appliance 136 creating a magnetic field
that interacts with ferromagnetic material 12 implanted
in left and right lateral sides of the pharyngeal wall
(e.g., in the pattern shown in Fig. 20C), as already
described.

Fig. 23B shows another illustrative embodiment of a
head-worn appliance 138. The appliance 138 includes a
molded headgear that wraps around the head and includes
an elastic strap that extends over the ears and supports
a chin cup 140. The chin cup 140 carries =z magnetic
force source 14. The force source 14 may comprise one or
more permanent magnets 62. The permanent magnets can be
of any shape, size, composition, and/or orientation. As
already explained, an electromagnet can be substituted
for a permanent magnet.

In this arrangemsnt, the desired physiologic
response [(resistance of airway tissue collapse) 1is
achieved by the source magnets 62 on the chin cup 140
creating a magnetic field that interacts with
ferromagnetic material implanted in the tongue (e.g., in
the pattern shown in Fig. 22C), as already described.

Fig. 23C shows another illustrative embodiment of a
head-worn appliance 142. The appliance 142 includes =
molded headgear comprising a helmet having pouches or
cups 144 for carrying a magnstic force source 14. The
force source 14 may comprise one or more permanent

magnets 62. The permanent magnets can be of any shape,

t
il

PCT/US2063/027970
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ice, composition, and/or crisntation. Ls already

plazined, an electromagnet Can bhe substituted for a

“n  this arrangsment, the desired phvsiclogic
response (rssistance of alrway Clssue collapse) 1S

achieved by the source magnets €2 on the left and right

+hat interacts with ferromagnsiic material 12 implanted
ir let and right lateral sgidss OC the pharyngeal wall

le.g., ir the pattern shown in Fig. 20C), as alread

V. rienting Multiple Sources of Magnetism

1 zlso described above, the ferronagnetic matsrial 12
can comprise 2 discrete source of magnetism, or multiple

sources of magnetism, each having the same magnetic
o

o
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iandmarks, horizontal arrays extend either laterally

(from side to side) or anterior-to-posterior (front to

back), £following the natural morphclogy of the tissue.
For example (see Fig. 242), the anatomy and the
5 tissue mass of the tongue accommodates implantation of a

horizontal array of multiple sources of magnetism 146
(e.g., each one comprising a permanent magnet or
ferromagnetic material) either laterally in the base of
the tongue, or anterior-to-posterior along one or both
10 sides of the tongue, or both. The flexible magnetic
arrays or coiled arrays previously described lend
themselves to either arrangement. As Fig. 24B shows,
horizontal arrays of multiple sources of magnetism 146,
each having the same magnstic orientaticn, can be
15 implanted in stacked or staggered fashion on the
posterior of the tongue, at different elevations along
the pharyngeal conduit.
As another example (see Fig. 252), the anatomy and
the tissue mass of the 1lateral pharyngeal wall
0 accommodates implantation of a horizontal array of
multiple sgsources of magnetism 146 (e.g., each one
comprising a permanent magnet or ferromagnetic material)
follbwing the morphology of the posterior and lateral
walls of the larynx on opposite lateral sides of the
25 spinal column. In the pharyngeal wall, the horizontal
array may be discontinuous (Fig. 25A) or continuous (Fig.
25B), forming a continuous array following the
circumferential morphology of the pharyngeal wall that
extends posterior from the sgpinal column to the base of
30 the tongue. Discrete magnets, the flexible magnetic
arrays, oxr coiled arrays previously described lend
themselves to either arrangement.
s Fig. 25D shows, horizontal arrays of multiple
sources of magnetism 146, each having the same magnetic

35 orientation, can be implanted in stacked or staggered
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or
magnets having the same magnetilc orientation ilmplanted,

ase of the tongue (as Fig. 25C shows), vet

o
a third repelling force (shown by double head arrow R3)

t-

between magnets that face across

ct

he pharyvngeal
conduit in an anterior-to-posterior orientation. These
dvnamic repelling forces further ssrve to resist collapse

of rissue within the pharyngezal conduit and further

fzeilitate the desired phyvsiologic result. Other
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positioned laterally (and, optionally, posteriorly) to
the magnets in the pharyngsal wall, an attracting force
(shown by single headed arrow 21) exists between the
external magnet or magnets and the magnets in the
pharyngsal wall. This arrangement has already been
generally discussed with respect to Fig. 20C. This
dynamic interaction between repelling and attracting
forces serves to resist collapse of tissue within the
pharyngeal conduit and further facilitate the desired
physiologic result.

B. Vertical Orientation

The particular anatomy and tissue mass of the
targeted tissue region may lend itself to the
implantation of multiple sources of magnetism 146 in a
generally wvertical plane. With respect to anatomic
landmarks, vertical arrays extend in a superior
(cephalad) -to- inferior (caudal) direction, following
the natural morphology of the tissue mass.

For example (sese Fig. 26A), the anatomy and the
tissue mass of <the pharyngeal wall accommodates
implantation of a vertical array of multiple sources of
magnetism 146 (e.g., each one comprising a. permanent
magnet or ferromagnetic material) -- followiné the
morphology of opposite lateral pharyngeal walls. Discrete
magents, the magnetic strip arrays, or coiled arrays
previously described lend themselves to either
arrangemant.

As Fig. 26B shows, vertical arrays of multiple
sources of magnetism 146, each having the same magnetic
orientation, can be implanted either end-to-end or side-
by side within the lateral pharyngeal wall.

As with the placement of horizontal arrays of
permanent magnets, each having the same magnetic
orientation, within the lateral pharyngeal wall, the

placement of vertical arrays of permanent magnets, each

PCT/US2003/027970
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The particular anatomy and tissue mass of the
targeted tissue region may lend itself to the
implantatior of multiple sources of magnetism 146 in both
a generally horizontal plane and a generally vertical
plane.

For example (see Fig. 272), the znatomy and the
tissue mass of the pharyngeal wall accommodates
implantation of wvertical arrays of multiple sources of
magnetism 146, each having the same magnetic orientation,
with horizontal arrays of multiple sources of magnetism
146, each having the same wmagnetic orientation, along the
elevation of the pharyngeal conduit. This complex
implantation pattern makes possible the formation of
dynamic repelling forces that facilitate the physiologic
objective of resisting tissue collapse along the
pharyngeal conduit.

The particular anatomy and tissue mass of the
targeted <tissue region may lend itself to the

implantation of multiple sources of magnetism 146 in

angular planes ({(i.e., not horizontal or not vertical
planes) .
For example (see Fig. 27B), the anatomy and the

tissue mass of the pharyngeal wall accommodates
implantation of angular, non-horizontal and non-vertical
arrays of multiple sources of magnetism 146, each having
the same magnetic orientation. This complex implantation
pattern makes possible the formation of dynamic repelling
Torces that facilitate the physiclogic objective of
resistingvtissﬁe collapse along the pharyngesal conduit.
VI. Illustrative Systems

Based upon the foregoing discussions, a practitioner
can select and assemble components in various ways to
create systems 10 of different configurations to achieve
the desired physiologic response. Generally, the systems

10 can be placed into three genefal categories:

PCT/US2003/027970
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26A). The permanent magnets can be of any shaps, size,
composition, and/or orientation. The source of magnetic
orces comprises an array 60 of permanent magnets having
the same magnetic orientation, implanted in the opposite
wall of the pharyngeal conduit (i.e., the posterior
tissue of the tongue). As illustraced, the array
comprises another flexible magnatic array 60 of permanent
magnets having the same magnetic orientation. The
permanent magnets can be of any shape, size, composition,
and/or orientation. It should be appreciated that stacked
horizontal arrays, or a cowbination of horizontal and
vertical arrays, or angular arrays could be used. The
arrays interact with repelling forces that resis:t
collapse of tissue along the pharyngeal conduit.

Magnets may be arranged on opposite sides of the
pharyngeal conduit in uneven opposing numbers.

Fig. 28C shows a variant of the system 10, in which
the magnet arvays 60 in the lateral pharyngeal wzlls
extend superiorly (toward the head) and interact (with
repelling forces) with one or more magnets 60'°’ having
the same magnetic orientation implanted in the uvula
and/or soft palate. Fig. 28D shows a further variant of
the system 10, in which the magnet arrays 60 in the
lateral pharyngeal walls extend inferiorly (toward the
feet) and interact (with repelling forces) with one or
more magnets 50’’’ having the same magnetic orientation
implanted in the epiglottis. As Fig. 28D shows, the
magnetic arrayvs implanted in the lateral pharyngeal wall
may be continuous or comprise a series of shorter (e.g.,
1 to 2 cm) lengths, or individual (discrete) magnets.

2. Implants Within the Tongue

Fig. 29 shows an illustrative embodiment of another
type of system 10 in Category (1). The system 10 includes
ferromagnetic materials 62 that are implanted on opposite

lateral sides in the base of tongue. As illustrated, the

PCT/US2003/027970
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188 =nd 1870, the ferromagnetic material comprises one or

be of any shaps, size, composition, and/or orientation.
The magnets are implanted in the antericr (front) tongue.

The implanted permanent magnets interact with source or

pharvngeal conduit. This source comprises & permanent
magnet having a magnetic orientation opposite to the
magnetic orientation of the implanted radial magnet. The

permanent magnets can be of any shape, size, compositiomn,

s
and/or orientation. The source magnet can comprise &
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Repelling Forces

Figs. 19B (previously described) show an
illustrative embodiment of another tvpe of system 10 in
Category (2). The system 10 includes ferromagnetic
material or materials that are implanted in a targeted
anatomic component in the pharyngeal conduit. In Fig.
19B, the ferromagnetic material comprises one or more
permanent magnets. The permanent magnets can be of any
shape, size, composition, and/or orientation. The magnets
are implanted in lateral pharyngeal walls. The implanted
permanent magnets interact with source or sources of
magnetic forces that are external to the pharvngeal
conduit. In this source comprises a permanent magnet
having a magnetic orientation that is the same as the
magnetic orientation of the implanted radial magnet. The
permanent magnet can be of any shape, size, composition,
and/or orientation. The source magnet is carried on an
oral appliance that fits on the teeth, tc locate the
source magnet posterior to the molars. The interaction
creates repelling forces, resisting collapse of the

pharyngeal conduit, to achieve the desired physiologic

response.
C. System Category (3): (Implant-Implant/External)
Fig. 20B (previously described) shows an

illustrative embodiment of a type of system 10 in
Category (3). The system 10 includes ferromagnetic
material or materials that are implanted in targeted
pharyngeal structures and individual anatomic components
in the pharyngesal conduit. In Pig. 20B, the
ferromagnetic material includes horizontal arrays of
permanent magnets. The permanent magnets can be of any
shape, size, composition, and/or orientation. The array
of magnets is implanted on opposite lateral pharyngeal
walls.

The implanted array of magnets interacts with two

PCT/US2003/027970
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comprises a neck-worn collar carrying an array oI
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5
forces between magnets in the pharyngeal wall and the
20 tongue.

This dynamic interaction provides a magnetic force
£ attract (i.e., hold) the implanted ferromagnstic
meterial 128 away rfrom the center of the pharyngesal
conduit (ccllar to implants), ziding the repelling forces

25 etween the implants themselves (implants to implants).
Zn enhanced physiologic response 1s cresated by this
dvnamic interaction, as has been previously describad

gystems 10 of the tvpe belonging to Category (3)
have also been previously dsscribed with reference to

50 Figs. 25C ana 26C
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In a representativse procedure for implanting a
pharyngeal wall magnetic implant or other pharyngeal wall
device: (1) a patient is positioned in the Rose position
(supine, neck extended), and a Crowse-Davis (or similar)

e
mouth retractor is placed. The anatomic position of the

'

palatine tonsil is shown in Fig. 322. The palatine tonsil
sits within the tonsil fossa. The tonsil fossa is a
recess in the lateral pharyngeal wall bordered by the
anterior and posterior tonsil pillars (front and back,
respectively), and pharyngeal wall muscle laterally; (2)
the palatine tonsils can be surgically removed, leaving
the anterior and posterior pillar tissue intact. If
tonsils have been previously removed, the healed tonsil
fossa is re-opened, conserving existing pillar tissue;
(3) an incision is made and a submucosal tunnel is then
developed using blunt dissection, beginning along the
posterior tonsil pillar/tonsil fossa junction (see Fig.
32B). The tunnel is started either high (closer to the
superior fossa) or low (closer to the inferior fossa)
depending on the planned position of the implant. The
tunnel is diss=cted inferiorly to a ,location
approximately adjacent to the inferior aspect of the
epiglottis. The tunnel can be specifically made narrow or
it can be wide by dissecting further anterior or
posterior toward midline, depending on implant
configuration. The implant (shown in Fig. 32B to be a
flexible magnet array 60) 1s inserted through the
incision into the tunnel (see Fig. 32C); (4) an
alternative to the above tunneling procedure is the use
of a trocar type of implantation device. The device would
be placed in a similar fashion (junction of tonsil fossa
and posterior pillar) inté the submucosal space to be
implanted, and the implant would be positioned and then
released from the implantation device. The trocar would

then be withdrawn; (5) the approach described in (3) and

PCT/US2603/027970
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include zctive and passive stabilizing, stiffening or
reshaping implantable devices.
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What is claimed is:

An implant system comprising

ferromagnetic materizl sized and configured for
implanting in &

a tissue region in a lateral pharyngsa
5 wall along a pharyngeal conduit, and
a source of magnetic force sized and configured for
placement to interact with ths ferromagnetic material to
resist collapse of the tissue region.
2. 2 system according to claim 1
10

wherein the source of magnetic force is sized and
configured for implantation in = tissue region in one of
a pharyngeal conduit, a tongue, a pharyngeal wall,

epiglottis, a vallecula, and a soft palate/uvula.

an

3. Z system according to claim 1

15 wherein the source of magnetic force interacts by
repelling the ferromagnetic material implanted in the
lateral pharyngeal wall.

4. A system according to claim 1
wherein the source of magnetic force is sized and
20

configured for implantation in a tigsue resgion external
to the pharyngeal conduit.

5. 2 system according to claim 1

wherein the source of wmagnetic force is sized and
configured for placement

external to the

pharyngeal
25 conduit.

6. 2 system according to claim 5

wherein the source of magnetic force is sized and
configured for placement

on one of an oral cavity, a

neck, a jaw,
30 7.

and a head.
A gystem according te claim 1

wherein the source of magnetic force interacts by

attracting the ferromagnetic material Iimplanted in the
lateral pharyngeal wall.

8. An implant system comprising
ferromagnetic material sized and configured for
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implanting in one of & soit TlsSus I2jiol defining =z
porticn  of & pharyngeal condult, & SO3L Tissug region
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whersin the ferromagnetic material is sized and
or implanting in the tissus region through =a
15 tonsil Zossa.

10. 2n implant system comprising

sz ferromagnetic material sized and configured for

a source of magnetic force sized and configured for

(=3

placement to interact with the ferromagnetic material in

[\
(]

the tongue.
11. 2 system according to 2lzim 10
wherein the ferromagnetic material is tethered to an

anchoring structurs implanted in the tongue.

)
wu

12. IR system according to claim 10

wherein the ferromagnetic material is couplea to a

13. & systam according to claim 10
wherein the ferromagnetic material is implanted in

£ 3 lzte=ral tissus region of the tongus, an anterior
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a pharyngeal wzll, a soft palate/uvula, and combinations

thereof.

=

5. 2 system according to claim 10
wherein the source of magnetic force is sized and
5 configured for placement in a tissue region external to
the tongue.
16. A system according to claim 15
wherein the source of magnetic force is sized and
configured for placement on one of an oral cavity, a
10 neck, a jaw, and a head.
17. A system according to claim 10
wherein the source of magnetic force interacts by
repelling the ferromagnetic material implanted in the
tongue.
15 18. A system according to claim 10
wherein the source of magnetic force interacts by

attracting the ferromagnetic material implanted in the

tongue.
18. A system according to claim 1 or 8 or 10
20 wherein the ferromagnetic material includes a soft

ferromagnetic material.
20. A system according to claim 1 or 8 or 10
wherein the ferromagnetic material includes a
permanenc magnet.

21. A system according to clazim 1 or 8 or 10

o
31

wherein the ferromagnetic material comprises at
least two discrete sources of magnetism, and

further including a flexible polymer matrix carrying
the at least two discrete sources of magnetism in a

30 spaced apart relationship, the polymer matrix allow

flexure between the sources of magnetism.

22. A zystem according to claim 21

wherein the flexible polymer matrix includes a
biocompatible protective material.

35 23. A gystem according to claim 21
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wherein the £flexible polymer matrizx 1ncludes =2
tissue in-growth material
24. L gystem according to claim 21
wherein the flexible polymer matrizx includes a
5 mechaznical tissue ctabilization slament
25. R system according o claim 1 or € or 10
whersin the ferromagnetic matserial comprises one of

& generally horicontzl array of ferromagnetic materials
implanted in the tissue regiom, a gensrally vertical
10 arrayv of ferromagnetic materizls implanted in the tissue
region, & gensrally angular array oI Isrromagnetic
materials implanted in  the tissus region, and
combinations thereof
26. I system according to claim 1 or 8§ or 10
= wherein the source of magnetic force includes one of
z permansnt magnet and an slectromagnet.
27. A system according to claim 1 or 8 or 10
wheresin the source of magnetic force comprises at
lzast two discrete sources of magnetisn, and
20 further including a flewible polymer matrix carrying
the at least two discrate sources of magnstism in a
spaced apart relationship, the polymer matrizxz allow
flexure between the sources of magnstism.
28. R system according to claim 1 or 8 or 10
25 whersin the ferromagnetic mwatsrial i1s sized and
configurad for dimplantation within an ilmplantation
sleeve.
29. A system according to claim 28

the implantation sleeve includes a
20 mechanical tissue stabilization device
230. 2 method for trezting slesp disordersd
breathing using an implant system defined in claim 1 ox 8
or 10
33i. &n implant device comprising
25 at lezst two discrete sources of magnetism, and
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a flexible polymer matrix carrying the at least two
discrete sources of magnetism in a gspaced apart
relationship, the polvmer matrix allow flexure betwesen
the sources o©f magnetism.

32. A device according to clazim 31

21

wherein the sources of magnetism comprise
ferromagnetic materials.
33. A device according to claim 32
wherein the ferromagnetic materials include soft
10 ferromagnetic materials.
34. A device according to claim 32
wherein  the ferromagnetic materials include
permanent macnets.
35. A device according to claim 31
15 wherein the at least two discrete sources of
magnetism comprises electromagnets.
36. A device according to claim 31
wherein the flexible polymer matrix includes &
biocompatible protective material. |
20 . 37. A device according to claim 31
wherein the flexible polymer matrix includes a
tissue in-growth material.
38. A device according to claim 31
wherein the device is sized and configured for
25 implantation in one of a pharyngeal wall, a tongue, a
soft palate/uvula, an epiglottis, and a tissue region in
a pharyngeal conduit.
39. A method a treating sleep disordered breathing
using the implant device defined in claim 371.

30
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