
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(10) International Publication Number
(43) International Publication Date

4 February 2010 (04.02.2010) WO 2010/014726 Al

(51) International Patent Classification: (74) Agents: JOHNSON, Philip, S. et al; Johnson & John
A61F 5/56 (2006.01) son, One Johnson & Johnson Plaza, New Brunswick, NJ

08933 (US).
(21) International Application Number:

PCT/US2009/052126 (81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(22) International Filing Date: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
29 July 2009 (29.07.2009) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

(25) Filing Language: English DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

(26) Publication Language: English KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

(30) Priority Data: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

12/183,955 31 July 2008 (3 1.07.2008) US NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,

(71) Applicant (for all designated States except US): TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
ETHICON, INC. [US/US]; U.S. Route #22, Somerville,
NJ 08876 (US). (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,
(72) Inventors; and GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
(75) Inventors/Applicants (for US only): ROUSSEAU, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

Robert, A. [US/US]; 736 Geigel Hill Road, Ottsville, PA TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
18942 (US). WEADOCK, Kevin [US/US]; 16 Strawber ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
ry Lane, Hillsborough, NJ 08844 (US). MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,

[Continued on next page]

(54) Title: MAGNETIC IMPLANTS FOR TREATING OBSTRUCTIVE SLEEP APNEA

(57) Abstract: A magnetic implant for treating sleep dis
orders includes a first anchor (25), a first magnet (22)
coupled to the first anchor, a tongue anchor (36), a sec
ond magnet (38) coupled to the tongue anchor, and a
support (30) for aligning the first and second magnets so
that a repelling force is generated between the magnets
for urging the second magnet away from the first magnet.
In one embodiment, the support aligns a magnetic pole of
the first magnet with a repelling magnetic pole of the sec
ond magnet, guides movement of the first and second
magnets relative to one another, and maintains the first
magnet at a fixed distance from the first anchor. In one
embodiment, the repelling force urges the second magnet
toward the first anchor. The first anchor may be connect
ed to bone or soft tissue.



T, R)' , ,OAP
I,

(B F ,' BJ,' CF,' CG, CI, CM, GA, GN, GQ< , GW, — as to the appl,i.cantt ,s enti.tl,ementt tto cl,ai.m the pri.ori.ty of,
ML, MR, NE, SN, TD, TG). application (Rule 4 1 7(m))

Declarations under Rule 4.17: p Jj J1 .

— as to app lica,nt's en
,
titlement to afpfply jfor and be sranted — wi.th, i.nternati.onal, search, reportt (/AArt. 21(/33)\)\

a patent (Rule 4.1 7(H)) /



MAGNETIC IMPLANTS FOR TREATING OBSTRUCTIVE SLEEP APNEA

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention generally relates to treating sleep disorders, and more

specifically relates to systems, devices and methods for treating sleep disorders such as

obstructive sleep apnea.

Description of the Related Art

[0002] Obstructive sleep apnea (OSA) is caused by a blockage of the upper airway that

occurs when the soft tissue in the throat collapses during sleep. During each OSA event, the

brain briefly arouses the sleeping individual in order resume breathing. This type of sleep is

extremely fragmented and of poor quality. When left untreated, OSA may result in various

problems including sleepiness, high blood pressure, cardiovascular disease, weight gain,

impotency, headaches, memory problems, job impairment, and motor vehicle crashes.

[0003] According to the National Institutes of Health, OSA is very common and affects more

than twelve million Americans. Risk factors include being a male and being overweight.

Another risk factor includes being over 40 years old; however, OSA can strike at any age.

Despite the significant medical consequences of OSA, a lack of awareness by the public and

healthcare professionals results in the vast majority of OSA sufferers remaining undiagnosed

and untreated.

[0004] There have been a number of efforts directed to treating OSA. Perhaps the most

widely-used treatment is referred to as continuous positive airway pressure (CPAP), whereby air

under positive pressure is delivered into the upper airway through a specially designed nasal

mask or pillow. When the patient inhales, the flow of high-pressure air keeps the airway open.

CPAP is considered to be one of the most effective non-surgical treatments for alleviating OSA.

However, CPAP patients complain about discomfort from the mask and hoses, bloating, nasal

drying, and dry eyes. Thus, patient compliance is relatively poor (i.e. about 40% compliance).



[0005] U.S. Patent Nos. 5,284,161 and 5,792,067 disclose devices for treating OSA that

electrically stimulate the soft palate. These electrical stimulation devices have also had mixed

results because of poor patient compliance, patient discomfort during sleep, and repeated

arousal of the patient throughout the night.

[0006] In order to minimize the need for patient compliance, surgical methods for treating

OSA have also been developed. One surgical method, referred to as

uvulopalatopharyngoplasty, involves removing about 2 cm of the trailing edge of the soft palate

to reduce the soft palate's ability to block the upper airway. Another procedure uses a surgical

laser to create scar tissue on the surface of the soft palate. The scar tissue reduces the

flexibility of the soft palate, which, in turn, reduces snoring and/or closing of the upper airway

passage.

[0007] There are a number of problems associated with the above-described surgical

procedures. First, the area subjected to surgical treatment (e.g. removal of palatal tissue or

scarring of palatal tissue) may be larger than is necessary to treat the patient's condition. In

addition, the surgical procedures are painful, and have extended and uncomfortable healing

periods. For example, scar tissue on the soft palate may present a continuing irritant to the

patient. Moreover, the procedures are not reversible in the event that they induce adverse side

effects.

[0008] In response to the above problems, medical implants have been developed for

treating OSA. For example, the PILLAR™ Palatal Implant System sold by Restore Medical of

St. Paul, MN is an implantable device that uses several braided PET cylinders that are

implanted in the soft palate. The PILLAR device has been associated with a number of adverse

side effects, including extrusion, infection, and patient discomfort.

[0009] Another implant system sold under the trademark REPOSE™ by InfluENT of

Concord, NH, uses a bone screw that is inserted into the posterior aspect of the mandible at the

floor of the mouth. A loop of suture is passed through the base of the tongue and attached to

the titanium screw. The REPOSE™ system achieves a suspension or hammock of the base of

the tongue, thereby making it less likely that the tongue base will fall back against the



pharyngeal wall or soft palate during sleep. Due to the high activity of the tongue during

wakefulness, the suture component of this device may cut into the tissue of the tongue (i.e. a

"cheese-cutter" effect), causing device failure and requiring subsequent removal. Thus, the

duration of beneficial effects afforded by the REPOSE™ implant may only be temporary.

[0010] Another implant system for treating OSA, trademark ADVANCE™, is being

developed by Aspire Medical, Inc. of Sunnyvale, CA. The system uses a bone anchor inserted

into the mandible and a winged nitinol member implanted in the base of the tongue. Similar to

the REPOSE™ system, the ASPIRE™ system may expose the tongue to a "hard stop," i.e., the

bone anchor does not move when the tongue moves, which may cause tearing of the tongue

tissue (a "cheese-cutter" effect), loosening of the implant, and eventual device failure.

[001 1] U.S. Patent 7,367,340 assigned to Apneon, Inc. of Cupertino, CA, discloses an

implant that uses magnets for treating OSA. In one embodiment, a first set of magnets are

implanted in the back of the tongue and a second set of magnets are implanted in a pharyngeal

wall. The respective magnets in the tongue and the pharyngeal wall repel one another for

opening the upper airway. Other embodiments involve placing a magnet in the tongue and then

coupling this to a magnet placed external to the patient's neck and jaw. The efficacy of such a

device is severely compromised by distances between the magnets, even more so in obese

patients that may have excess adipose tissue in the inframandibular region.

[0012] The prior art tongue suspension systems described above are prone to failure as a

result of the "hard-stop" effect that may cause tongue tissue to be incised, excess distances

between the respective components, or the potential for components to become misaligned

during use. The prior art magnetic implants described above have failed because the magnets

are exposed to tissue in a manner that might compress tissue excessively, which may result in

tissue damage. Moreover, magnetic implants become ineffective if the magnets migrate or flip.

Thus, prior art implants have had limited success and may cause adverse health consequences

for patients.

[0013] In view of the above results, there remains a need for systems, devices, and

methods for safely and effectively treating OSA. There also remains a need for minimally



invasive systems, devices, and methods for treating OSA. In addition, there remains a need for

systems, devices, and methods for treating OSA that encourage patient compliance, minimize

patient discomfort, and achieve long-term, efficacious results.

SUMMARY OF THE INVENTION

[0014] In one embodiment, an implant for treating sleep disorders includes a first magnet

connectable with bone (e.g. a mandible, hyoid, and maxilla) and/or soft tissue (e.g.

inframandibular fascia, geniohyoid muscle, genioglossus muscle, and digastrics muscle), and a

second magnet connectable with a tongue anchor. In one embodiment, the first magnet is

connected with bone or soft tissue and is held at a fixed distance from the bone. If the tongue

relaxes toward the pharyngeal wall, the first magnet repels the second magnet for urging the

second magnet and the tongue anchor connected therewith toward the bone or soft tissue for

opening a patient's upper airway.

[0015] The implant desirably includes a support for aligning the first and second magnets

relative to one another so that a magnetic pole on the first magnet is in alignment with and

opposes a repelling magnetic pole on the second magnet (e.g., south poles of the first and

second magnets facing one another). The support element preferably holds the repelling poles

of the respective first and second magnets in alignment so that a repelling magnetic force is

generated between the opposing first and second magnets. As the first and second magnets

approach one another, the repelling magnetic force desirably urges the second magnet away

from the first magnet and toward the bone (e.g. mandible). As the second magnet moves

toward the bone anchor, the second magnet pulls the tongue anchor toward the bone anchor,

which, in turn, resists excessive movement of the tongue towards the pharyngeal wall and

allows for a patent airway.

[0016] In one embodiment, the support maintains the first magnet at a fixed distance from

the bone, aligns a magnetic pole of the first magnet with a repelling magnetic pole of the second

magnet, and guides movement of the first and second magnets relative to one another.

[0017] In one embodiment, the support includes a tether adapted to hold the first magnet at

a fixed distance from the bone. The tether desirably has a first end secured to the mandible via



a bone anchor and a second end secured to the first magnet. The first end of the tether may be

secured to the bone using a bone anchor such as a bone screw or a bone hook, or any other

biocompatible structure used by those skilled in the art for fastening medical devices to bone.

Alternatively, the first end of the tether may be secured to the hyoid bone or soft tissue such as

muscle in the inframandibular region. In the latter case, the target muscles being the

geniohyoid, digastrics, or mylohyoid muscles. When attaching the first end to soft tissue,

sutures, clips, glues, or other means known to those skilled in the art of surgery can be used.

For example, the first end of the device may have a loop or tag disposed on it to facilitate

suturing or clipping into musculature or fascia. Alternatively, the first end may be flared outward

to allow for placing it in a tissue plane such as between two muscles. This flared part of the first

end may be porous to facilitate tissue ingrowth and securement.

[0018] In one embodiment, the support includes an elongated tube having a proximal end, a

distal end, and a lumen extending between the proximal and distal ends. The lumen preferably

defines an inner diameter of the elongated tube. In this embodiment, the first magnet is

preferably disposed within the elongated tube and is adapted to slide along the inner surface of

the elongated tube between the proximal and distal ends thereof. The first magnet has an outer

diameter that is just slightly less than the inner diameter of the elongated tube. The second

magnet is preferably fixed to the elongated tube and has an opening extending therethrough. In

one embodiment, the second magnet is fixed to the proximal end of the tube. The tether may

pass through the opening in the second magnet for being connected with the first magnet.

[0019] Although the present invention is not limited by any particular theory of operation,

making the outer diameter of the first magnet just slightly less than the inner diameter of the

elongated tube enables the first magnet to move relative to the tube but will prevent the

magnetic orientation of the first magnet from flipping. In one embodiment, the first magnet has

a length (distance from outer edge of North pole to outer edge of South pole) that is greater than

the inner diameter of the tube so that the magnetic orientation of the first magnet cannot flip.

[0020] In one embodiment, the tongue anchor is secured to the distal end of the elongated

tube, and the tongue anchor and at least a portion of the elongated tube are implanted in the

tissue of a tongue. The tongue anchor desirably has a sufficiently large surface area to form a



stable connection with the tissue of the tongue so that the tongue anchor and the elongated

tube do not move relative to the tongue tissue to cause problems such as the "cheese-cutter"

effect described above.

[0021] In one embodiment, a shaft has a first end secured to bone and a second end

secured to the first magnet so as to hold the first magnet at a fixed distance from the bone. The

shaft may be rigid or flexible and is preferably comprised of a non-porous material that excludes

tissue ingrowth or attachment. The shaft may be made of any biocompatible material including

stainless steel, titanium, tantalum, nitinol, and polymers. In one embodiment, the shaft

maintains the first magnet at a consistent, fixed distance from the bone or soft tissue.

Alternatively, the first end of the tether may be secured to the hyoid bone or soft tissue such as

muscle in the inframandibular region. In the latter case, the target muscles being the

geniohyoid, digastrics, or mylohyoid muscles. The second magnet is slideable over the outer

surface of the shaft and has an opening adapted to receive the shaft and the second magnet is

slideable over an outer surface of the shaft so that the second magnet may move relative to the

first magnet, while the first magnet remains at a fixed distance from the bone.

[0022] In another embodiment, the tongue anchor is coupled to the second magnet. The

tongue anchor may include a bearing surface (area of anchor exposed to the force the tongue

may exert as it moves towards the pharyngeal wall) having a sufficiently large surface to stay in

place within the tissue of the tongue so as to avoid the "cheese-cutter" effect described above.

The tongue anchor may also include at least one thread interconnecting the tongue anchor and

the second magnet. Alternatively, two or more threads interconnect the bearing surface of the

tongue anchor with the second magnet.

[0023] Once implanted, the first and second magnets are oriented relative to one another so

as to generate repelling magnetic forces therebetween that operate to resist excessive

movement of the tongue towards the posterior pharyngeal wall for maintaining an open passage

through the upper airway. During sleep, as the tongue relaxes toward the posterior pharyngeal

wall, the tongue anchor initially pulls the second magnet toward the first fixed magnet. As the

second magnet approaches the opposing face of the first fixed magnet, a repelling magnetic

force is generated between the opposing faces of the magnets. The repelling force gradually



increases as the two magnets approach each other. Since the two magnets are tethered to

structures on the opposite side of the opposing magnet, the repelling force resists the forces

collapsing the airway as the second magnet is pushed away from the first fixed magnet.

Because the first magnet is maintained at a fixed distance from a bone, such as the hyoid or

mandible, only the second magnet is free to move so that the generated repelling force pushes

the second magnet toward the bone. As the second magnet is pushed toward the bone, the

second magnet pulls the tongue anchor coupled therewith toward the bone, which, in turn, pulls

the tongue away from the posterior pharyngeal wall for opening the upper airway. Alternatively,

the first magnet may be anchored to a soft tissue such as any one of the muscles found in the

inframandibular region or fascia.

[0024] In one embodiment, a magnetic implant for treating sleep apnea includes first and

second magnets, a support for holding the first magnet at a fixed distance from a bone (e.g. a

mandible), aligning a magnetic pole of the first magnet with a repelling magnetic pole of the

second magnet, and guiding movement of the first and second magnets relative to one another.

The magnetic implant preferably includes a tongue anchor coupled with the second magnet.

[0025] In another embodiment, the support includes a shaft having a first end secured to

bone and a second end secured to the first magnet for holding the first magnet at a fixed

distance from the bone. The second magnet desirably has an opening adapted to receive the

shaft and the second magnet is slideable over an outer surface of the shaft. The tongue anchor

is desirably secured to the second magnet. The tongue anchor may include a bearing surface

having a sufficiently large surface to avoid migration of the bearing surface and/or the "cheese-

cutter" effect described above. The bearing surface is desirably implanted in the tissue of the

tongue. The tongue anchor also desirably includes one or more elongated threads or filaments

interconnecting the bearing surface and the second magnet.

[0026] In yet another embodiment, a magnetic implant for treating sleep apnea includes first

and second magnets, a tether extending between the first magnet and the bone for holding the

first magnet a fixed distance from the bone, and an elongated tube for aligning a magnetic pole

of the first magnet with a repelling magnetic pole of the second magnet and for guiding

movement of the first and second magnets relative to one another. The elongated tube is



adapted to slide over the first fixed magnet and the second magnet is fixed to the elongated

tube for moving with the elongated tube. A tongue anchor is preferably connected to a distal

end of the elongated tube.

[0027] In still another embodiment, a magnetic implant for treating sleep apnea includes first

and second magnets, a shaft having a first end connected with bone and a second end

connected with the first magnet for holding the first magnet at a fixed distance from the bone.

The implant includes the second magnet having an opening adapted to receive the shaft,

whereby the shaft aligns a magnetic pole of the first magnet with a repelling magnetic pole of

the second magnet and guides movement of the first and second magnets relative to one

another. The implant also includes a tongue anchor coupled with the second magnet. The

tongue anchor may include a bearing surface with at least one thread interconnecting the

bearing surface and the second magnet. In one embodiment, the second magnet is adapted to

slide over an outer surface of the elongated shaft.

[0028] As noted herein, the tongue anchor preferably has a sufficiently sized surface area to

prevent migration of the tongue anchor or tearing of the tongue tissue after implantation. In one

embodiment, the tongue anchor preferably has a surface area of approximately 0.5-5 cm2. In

one embodiment, the tongue anchor may include a mesh or pores or openings for promoting

tissue in-growth. In one embodiment, the tongue anchor is implanted within a tongue and

healing is allowed to occur before forces are exerted upon the tongue anchor. For example, in

one embodiment, one or more of the magnets may be deactivated during healing of the tongue

anchor. In one embodiment, one or more of the magnets are not coupled with the implant until

after healing of the tongue anchor.

[0029] In one embodiment, an implant for treating sleep disorders includes a first anchor, a

first magnet coupled to the first anchor, a tongue anchor, a second magnet coupled to the

tongue anchor, and a support for aligning the first and second magnets so that a repelling force

is generated between the magnets for urging the second magnet away from the first magnet.

The repelling force may urge the second magnet toward the first anchor. The first anchor may

be connected with bone or soft tissue. In one embodiment, the support preferably aligns a

magnetic pole with the first magnet with a repelling magnetic pole of the second magnet, and



guides movement of the first and second magnets relative to one another. In one embodiment,

the support maintains the first magnet at a fixed distance from the first anchor.

[0030] In one embodiment, an implant for treating sleep disorders includes first and second

magnets, a support for holding the first magnet at a fixed distance from a first anchor, aligning a

magnetic pole of the first magnet with a repelling magnetic pole of the second magnet and

guiding movement of the first and second magnets relative to one another, and a tongue anchor

coupled with the second magnet. The support may include an elongated tube having a proximal

end, a distal end, and an inner surface extending between the proximal and distal ends, the

inner surface defining an inner diameter of the elongated tube, and the first magnet being

disposed within the elongated tube and being adapted to slide over the inner surface of the

elongated tube between the proximal and distal ends thereof. In one embodiment, the support

includes a shaft having a first end secured to the first anchor and a second end secured to the

first magnet for holding the first magnet at the fixed distance from the first anchor. The second

magnet has an opening adapted to receive the shaft and the second magnet is slideable over

an outer surface of the shaft. The tongue anchor is secured to the second magnet. The tongue

anchor may include a bearing surface and at least one thread interconnecting the bearing

surface and the second magnet.

[0031] In one embodiment, an implant for treating sleep disorders includes first and second

magnets, and a support for holding the first magnet at a fixed location relative to an anchor

point. The support is preferably adapted for aligning a magnetic pole of the first magnet with a

repelling magnetic pole of the second magnet and for guiding movement of the first and second

magnets relative to one another. The implant desirably includes a tongue anchor coupled with

the support and the second magnet.

[0032] In one embodiment, the support includes at least one guide rail extending between

the first and second magnets for guiding sliding movement of the magnets relative to one

another. The support may include at least one tether connected with the first magnet for holding

the first magnet at a fixed distance from bone or soft tissue. In one embodiment, the support

includes a pair of tethers that extend laterally from the first magnet for holding the first magnet in

a fixed location.



[0033] In one embodiment, the implant may include a flexible diaphragm surrounding the

first and second magnets. The flexible diaphragm preferably prevents tissue ingrowth around

the first and second magnets.

[0034] These and other preferred embodiments of the present invention will be described in

more detail below.

BRIEF DESCRIPTION OF THE DRAWING

[0035] FIG. 1 shows a cross-sectional view of a human head including a nasal cavity and a

pharynx.

[0036] FIG. 2 shows a cross-sectional view of the nasal cavity and the pharynx of a human

during normal breathing.

[0037] FIG. 3 shows a cross-sectional view of the nasal cavity and the pharynx of a human

during an episode of obstructive sleep apnea.

[0038] FIG. 4A shows a cross-sectional view of an implant for treating obstructive sleep

apnea, in accordance with one embodiment of the present invention.

[0039] FIG. 4B shows a perspective view of the implant shown in FIG. 4A.

[0040] FIG. 5A shows the implant of FIGS. 4A and 4B when a tongue has moved toward a

posterior pharyngeal wall in a human, in accordance with one embodiment of the present

invention.

[0041] FIG. 5B shows a cross-sectional view of the implant of FIG. 4 as the first and second

magnets repel one another for moving the tongue away from the posterior pharyngeal wall.

[0042] FIG. 6 shows a cross-sectional view of a human head with the implant of FIGS. 4A

and 4B implanted in the tongue.

[0043] FIG. 7 shows an implant for treating obstructive sleep apnea, in accordance with one

embodiment of the present invention.

[0044] FIG. 8 shows an implant for treating obstructive sleep apnea, in accordance with one

embodiment of the present invention.

[0045] FIGS. 9A and 9B show an implant for treating obstructive sleep apnea, in

accordance with one embodiment of the present invention.



DETAILED DESCRIPTION

[0046] FIG. 1 shows a cross-section of a human head with anatomical structures including

the nasal cavity N, the hard palate HP including bone B, the soft palate SP, the mouth M, the

tongue T, the trachea TR, the epiglottis EP, the esophagus ES, the posterior pharyngeal wall

PPW, and the larynx LX. The human head also includes the mandible MB or lower jaw. As

used herein, the term mandible is used to cover the bone of the lower jaw, the soft tissue

surrounding the lower jaw, and the teeth projecting from the lower jaw.

[0047] In a human body, the space between the nasal cavity N and the larynx LX is referred

to as the upper airway. The most critical part of the upper airway associated with sleep

disorders is an air cavity referred to as the pharynx PX. Referring to FIG. 2 , the pharynx has

three different levels. The nasopharynx NP is the upper portion of the pharynx located in the

back of the nasal cavity N. The oropharynx OP is the intermediate portion of the pharynx

containing the soft palate SP, the epiglottis EP, and the curve at the back of the tongue T. The

oropharynx OP is the section of the pharynx that is most likely to collapse due to the high

prevalence soft tissue structure. The hypopharynx HP is the lower portion of the pharynx

located below the soft tissue of the oropharynx OP. The hypopharynx HP is in communication

with the trachea TR.

[0048] As is well known to those skilled in the art, the soft palate and the tongue are both

very flexible structures. The soft palate SP provides a barrier between the nasal cavity N and

the mouth M. In many instances, the soft palate SP is longer than necessary so that it extends

a significant distance between the back of the tongue T and the posterior pharyngeal wall PPW.

[0049] Although the muscles of the body relax during sleep, most of the muscles of the

respiratory system remain active. During inhalation, the chest wall expands and causes

negative pressure to draw air A into the nasal cavity N and the mouth M. The air then flows

past the pharynx PX, through the trachea TR and into the lungs. The negative pressure causes

the tissue of the upper airway to deform slightly, narrowing the airway passage. In apneic

patients, any or all of the muscles that comprise the tongue or soft palate SP may relax



excessively, causing them to collapse against the posterior pharyngeal wall PPW to block

airflow into the trachea.

[0050] Referring to FIG. 2 , when an individual is awake, the back of the tongue T and the

soft palate SP maintain their shape and tone due to their respective internal muscles. As a

result, the airway, comprised of the nasopharynx NP, the oropharynx OP and the hypopharynx

HP, remains open and unobstructed. During sleep, however, the muscle tone decreases so

that the back of the tongue and the soft palate become more flexible and distensible. Referring

to FIG. 3, without normal muscle tone to keep their shape, the back of the tongue T, the

epiglottis EP, and the soft palate SP tend to collapse to block the airway. This condition is

commonly referred to as obstructive sleep apnea (OSA).

[0051] Referring to FIGS. 4A and 4B, in one embodiment, a magnetic implant 20 for treating

sleep disorders such as OSA includes a first magnet 22 having a north pole N and a south pole

S. The magnetic implant 20 includes a tether 24 having a first end 26 that is secured to bone B

(e.g., hyoid bone, maxilla, or mandible) using a bone anchor 25, and a second end 28 that is

secured to the first magnet 22. The tether 24 anchors the first magnet 22 to the bone, and has

a fixed length between the first and second ends 26, 28 thereof for maintaining the magnet at a

fixed distance relative to the bone B. In one embodiment, the distance of the tether 24 is fixed

and is about 0.5 - 3 inches. Although not illustrated in FIGS. 4A and 4B, the first end may

alternatively be secured to soft tissue such as fascia or musculature within the inframandibular

region of the patient. Suitable tissue includes the geniohyoid, mylohyoid, digastrics, or

genioglossus muscles.

[0052] The magnetic implant 20 preferably includes a tube 30 having a proximal end 32 and

a distal end 34, and an inner surface 35 that extends between the proximal and distal ends 32,

34. The inner surface 35 defines an inner diameter of the tube 30. A tongue anchor 36,

implantable in the tissue of a tongue, is secured to the distal end 34 of the tube 30. The

magnetic implant 20 includes a second magnet 38 coupled with the tube 30. In one

embodiment, the second magnet 38 is preferably fixed to the proximal end 32 of the tube 30

and does not move relative to the tube. The second magnet 38 has a north pole N and a south

pole S, and an opening 40 extending between the north and south poles N, S thereof. The



tether 24 passes through the opening 40 of the second magnet 38 for being connected with the

first magnet 22.

[0053] In one embodiment, the tongue anchor is a nitinol "umbrella" that is designed to fit

into the midline of a tongue and offer a sufficiently large surface area (0.5 - 5 cm2) so as to

minimize the "cheese-cutting" effect described herein. The tongue anchor may also be a

silicone umbrella, a PET umbrella or any other biocompatible implant having dimensions

suitable for placement between the neurovascular bundles within the genioglossus muscle.

Other preferred materials include PTFE, e-PTFE, polypropylene, polyurethane, polycarbonate,

polyethylene terephthalate, nitinol, stainless steel, titanium, tantalum, gold, Polyvinidylene

fluoride and combinations thereof.

[0054] Referring to FIGS. 4A and 4B, the bone anchor 25 may be a self-tapping bone screw

adapted to be imbedded in the mandible. In one embodiment, the bone anchor 25 may be any

biocompatible structure commonly used for fastening to bone or soft tissue. In one

embodiment, the bone screw has flared nitinol arms, such as a screw sold under the trademark

MITEK GN2 device by DePuy Mitek, Inc. Any of the bone or suture anchors known to those

skilled in the art of tissue repair can be used. The screw preferably has structure for enabling

the length of the screw to be adjusted. In one embodiment, expandable, toggled, or barbed

bone anchors may be utilized within the mandible, hyoid, or maxilla to prevent reversal of the

bone anchor. In one embodiment, the bone anchor includes one or more adjustable tethers to

enable long-term adjustability of the implant.

[0055] Referring to FIGS. 4A and 4B, the tube 30, the second magnet 38 secured to the

tube 30, and the tongue anchor 36 are adapted to move together as the tongue moves toward

and away from the posterior pharyngeal wall PPW. The tube 30, the second magnet 38, and

the tongue anchor 36 are also adapted to move relative to the first magnet 22 secured to the

tether 24. The first magnet 22 is adapted to slide freely over the inner surface 35 of the tube 30.

The first magnet 22 preferably has an outer surface defining an outer diameter that closely

matches the inner diameter defined by the inner surface 35 of the tube 30. As a result, the

outer surface of the first magnet 22 closely engages the inner surface 35 of the tube 30 so that

the orientation of the magnetic poles of the first magnet 22 may not flip. Thus, the close sliding



engagement of the outer surface of the first magnet 22 with the inner surface 35 of the tube 30

maintains the magnetic orientation of the poles of the first and second magnets whereby the

south pole S of the first magnet and the south pole S of the second magnet remain opposed to

one another.

[0056] When the magnetic implant 20 is implanted in the tissue of a tongue, the tongue

anchor 36 preferably provides a sufficient surface area to form a reliable anchor with the tongue

without damaging the tissue of the tongue or causing the cheese-cutter effect. When the

tongue moves too far back toward the soft palate or posterior pharyngeal wall PPW, the south

pole S of the second magnet 38 initially moves toward the south pole S of the first magnet 22.

As the south poles S of the respective magnets move toward one another, the poles repel one

another, which forces the second magnet 38 away from the first magnet and toward the bone B,

which prevents excessive relaxation of the tongue. The repelling force exerted by the magnets

increases according to an inverse of the square of the distance between the magnets 22, 38.

As a result, the magnetic implant 20 does not have a "hard stop", and the likelihood of a

"cheese-cutting" effect into the tongue musculature is reduced. In addition, the presence of the

tube 30 prevents the magnets from flipping.

[0057] FIG. 5A shows a cross-sectional view of the magnetic implant 20 of FIGS. 4A and 4B

as the tongue relaxes and moves toward the posterior pharyngeal wall PPW for closing an

airway. As the tongue relaxes, the south pole S of the second magnet 38 initially approaches

the south pole S of the first magnet 22. As noted above, the south poles of the respective first

and second magnets 22, 38 repel one another by a repelling force that increases according to

an inverse of the square of the distance between the first and second magnets 22, 38.

Referring to FIG. 5B, in response to the magnetic forces, the first and second magnets 22, 38

repel one another by a magnetic force designated MF to pull the tongue anchor 36 in the

direction D2, which, in turn, resists excessive movement of the tongue towards the posterior

pharyngeal wall PPW. As a result, this allows for opening the airway A between the back of the

tongue and the posterior pharyngeal wall PPW.

[0058] Referring to FIG. 6, in one embodiment, the magnetic implant 20 is implanted within

the tissue of a tongue T. The magnetic implant 20 includes the first magnet 22 secured to the



mandible or soft tissue via the tether line 24. In one embodiment, the length of the tether 24 is

fixed, and is more preferably about 1 - 3 inches. The first magnet 22 is disposed within the tube

30. The outer surface of the first magnet 22 is preferably in sliding contact with the inner

surface of the tube 30 so that the first magnet 22 is able to slide freely over the inner surface of

the tube 30. The outer diameter of the first magnet 22 is preferably in close siding engagement

with the inner surface of the tube 30 so that the magnetic orientation of the first magnet 22

cannot flip (e.g. whereby the north pole N of the first magnet 22 opposes the south pole S of the

second magnet 38). The magnetic implant 20 includes the tongue anchor 36 that implanted

within the tissue of the tongue T. The tongue anchor 36 preferably has a sufficient area so that

it forms a stable connection relative to the tissue of the tongue T. The magnetic implant 20

includes the second magnet 38 secured to the proximal end 32 of the tube 30. The second

magnet 38 has an opening 40 extending therethrough, and the tether 24 passes through the

opening 40. Magnets used in any of the embodiments described herein are preferably

comprised of rare earth magnets. In addition, these magnets are preferably coated with a

biocompatible material such as polypropylene, ultra-high molecular weight polypropylene, or

fluroropolymer such as PTFE or Teflon.

[0059] Referring to FIG. 6, the magnetic implant 20 preferably keeps the tongue from

moving too far toward the posterior pharyngeal wall PPW for closing the airway. If the tongue T

moves too far back toward the posterior pharyngeal wall PPW, the south poles S of the

respective first and second magnets 22, 38 repel one another, which forces the second magnet

38 and the tongue anchor 36 coupled therewith to move in the direction D2. As the tongue

anchor 36 moves in the direction D2, the back of the tongue T moves away from the posterior

pharyngeal wall PPW to open the airway A .

[0060] Referring to FIG. 7 , a magnetic implant 120 includes a first magnet 122 having a

north pole N and a south pole S. The magnetic implant 120 includes a shaft 124 having a first

end 126 anchored to bone B of a patient via a bone anchor 125 and a second end 128

connected to the first magnet 122. The magnetic implant 120 includes a second magnet 138

having a north pole N and a south pole S. The second magnet 138 has an opening 140 passing

through a center thereof. The opening 140 preferably extends along an axis that runs between

the north and south poles N, S of the second magnet 138.



[0061] The shaft 124 is preferably fabricated from a non-resorbable, flexible material such

as stainless steel (316L) or nitinol wire, polymer coated stainless steel or nitinol. Other suitable

materials include PTFE, PET, polyurethane, or polycarbonate. The shaft 124 holds the first

magnet 122 at a fixed distance from the bone B. The shaft 124 preferably engages both the

first magnet 122 and the second magnet 138, and maintains the magnetic orientation of the first

and second magnets relative to one another. The second magnet is preferably slidably

engaged with the shaft 124 and attached to the first magnet. In a highly preferred embodiment,

the south poles S of the respective first and second magnets 122, 138 oppose one another.

[0062] The magnetic implant 120 includes a tongue anchor 136 used for securing the

magnetic implant to the tissue of the tongue. In one embodiment, the tongue anchor 136 has a

bearing surface 150 of about 0.5 - 5 cm2 and is implanted in the tissue of a tongue T. The

tongue anchor includes first and second filaments 152A, 152B having proximal ends secured to

the second magnet 138 and distal ends secured to the tongue anchor 136. The tongue anchor

and the second magnet preferably move together.

[0063] After the magnetic implant 120 shown in FIG. 7 is implanted in the tongue, the

magnetic implant prevents the tongue from moving too closely to the posterior pharyngeal wall

PPW for closing the airway between the tongue and the pharyngeal wall. As the tongue moves

in the direction D1, the south poles S of the respective first and second magnets 122, 138

initially move toward one another. In response, the repelling magnetic forces between the first

and second magnets force the magnets away from one another so that the second magnet 138

slides along the shaft 124 in the direction D2 toward the bone anchor 125 at the first end 126 of

the shaft 124. As the second magnet 138 slides along the shaft 124 in the direction D2, the

second magnet 138 pulls the tongue anchor 136 in the direction D2, which, in turn, prevents the

tongue from approaching the posterior pharyngeal wall, thus keeping an open airway.

[0064] Referring to FIG. 8, in one embodiment, a magnetic implant 220 for treating sleep

disorders such as OSA includes a first magnet 222 having a north pole N and a south pole S.

The magnetic implant 220 includes a pair of tethers 224A, 224B having first ends 226A, 226B

that are secured to bone B (e.g., hyoid bone, maxilla, or mandible) using bone anchors 225A,

225B, and second ends 228A, 228B that are secured to the first magnet 222. The tethers 224A,



224B anchor the first magnet 222 to the bone, and preferably maintain the first magnet 222 at a

fixed distance relative to the bone B. Although not illustrated in FIG. 8 , in one embodiment, the

first ends 226A, 226B of the tethers 224A, 224B may be secured to soft tissue such as fascia or

musculature within the inframandibular region of the patient. Suitable tissue includes the

geniohyoid, mylohyoid, digastrics, or genioglossus muscles.

[0065] The magnetic implant 220 preferably includes a shaft 230 having a proximal end 232

and a distal end 234, and an outer surface 235 that extends between the proximal and distal

ends 232, 234. The outer surface 235 defines an outer diameter of the shaft 230. The first

magnet 222 preferably has an opening 240 extending between the north and south poles N, S

thereof. The shaft 224 passes through the opening 240 of the first magnet 222 and the first

magnet is adapted to slide over the outer surface 235 of the shaft.

[0066] A tongue anchor 236, implantable in the tissue of a tongue, is secured to the distal

end 234 of the shaft 230. The magnetic implant 220 includes a second magnet 238 coupled

with the shaft 230. In one embodiment, the second magnet 238 is preferably fixed to the

proximal end 232 of the shaft 230 and does not move relative to the shaft. The second magnet

238 has a north pole N and a south pole S.

[0067] The tongue anchor 236, the shaft 230, and the second magnet 238 secured to the

shaft 230 are adapted to move together as the tongue moves toward and away from the

posterior pharyngeal wall PPW. The tongue anchor 236, the shaft 230, and the second magnet

238 are also adapted to move relative to the first magnet 222 secured to bone B via the pair of

tethers 224A, 224B. The first magnet 222 is adapted to slide freely over the outer surface 235

of the shaft 230. In one embodiment, the opening 240 through the first magnet 222 preferably

has an inner surface defining an inner diameter that closely matches the outer diameter defined

by the outer surface 235 of the shaft 230. As a result, the opening 240 of the first magnet 222

closely engages the outer surface 235 of the shaft 230 so that the orientation of the magnetic

poles of the first magnet 222 may not flip. Thus, the close sliding engagement of the opening of

the first magnet 222 with the outer surface 235 of the shaft 230 maintains the magnetic

orientation of the poles of the first and second magnets whereby the south pole S of the first

magnet and the south pole S of the second magnet remain opposed to one another.



[0068] After implantation in a tongue, when the tongue moves too far back toward the soft

palate or posterior pharyngeal wall PPW, the south pole S of the second magnet 238 initially

moves toward the south pole S of the first magnet 222. As the south poles S of the respective

magnets move toward one another, the poles repel one another, which forces the second

magnet 238 away from the first magnet, which prevents excessive relaxation of the tongue. The

repelling force exerted by the magnets increases according to an inverse of the square of the

distance between the magnets 222, 238. As a result, the magnetic implant 220 does not have a

"hard stop", and the likelihood of a "cheese-cutting" effect into the tongue musculature is

reduced. In addition, the presence of the shaft 230 prevents the magnets from flipping.

[0069] Referring to FIGS. 9A and 9B, in one embodiment, a magnetic implant 320 for

treating sleep disorders such as OSA includes a first magnet 322 having a north pole N and a

south pole S, and a second magnet 338 having a north pole N and a south pole S that opposes

the south pole of the first magnet. The first and second magnets 322, 338 are disposed within a

flexible diaphragm 325 (e.g. a bellow-like structure) that surrounds the magnets for preventing

tissue ingrowth. The magnetic implant 320 includes a first shaft 324 having a first end 326

including an anchor 325 that is securable to bone B (e.g., hyoid bone, maxilla, or mandible), and

a second end 328 including a pair of first guide rails 329A, 329B that pass through openings

372A, 372B for being secured to the first magnet 322. The first shaft 324 and the first guide

rails 329A, 329B anchor the first magnet 322 to bone or soft tissue (not shown). The first shaft

324 preferably has a fixed length between the first and second ends 326, 328 thereof for

maintaining the first magnet at a fixed distance relative to the bone or soft tissue. In one

embodiment, the length of the first shaft 324 is fixed and is about 0.5 - 3 inches. As noted

above, the first end 326 of the first shaft 324 may be secured to soft tissue such as fascia or

musculature within the inframandibular region of the patient. Suitable tissue includes the

geniohyoid, mylohyoid, digastrics, or genioglossus muscles.

[0070] The magnetic implant 320 preferably includes a second shaft 330 having a proximal

end 332 and a distal end 334. The proximal end 332 of the second shaft 330 has a pair of

second guide rails 333A, 333B projecting therefrom. The second guide rails 333A, 333B

preferably pass through respective openings 374A, 374B in the first magnet 322 and are



connected with the second magnet 338. The magnetic implant 320 includes a tongue anchor

336, implantable in the tissue of a tongue, that is secured to the distal end 334 of the second

shaft 330.

[0071] The flexible diaphragm 370 preferably has a first end 380 that is sealed over the first

shaft 324 and a second end 382 that is sealed over the second shaft 330. The diaphragm 370

is preferably flexible for enabling the first and second magnets 322, 338 to move relative to one

another inside the diaphragm. The sealed ends 380, 382 of the diaphragm 370 prevent tissue

ingrowth inside the diaphragm.

[0072] Referring to FIG. 9B, the tongue anchor 336, the second shaft 330, and the second

magnet 338 are adapted to move together as the tongue moves toward and away from the

posterior pharyngeal wall PPW (not shown). The tongue anchor 336, the second shaft 330, and

the second magnet 338 are also adapted to move relative to the first magnet 322 secured to the

first shaft 324. The second magnet 338 is adapted to slide freely over the first guide rails 329A,

329B projecting from the first shaft 324, and the first magnet 322 is adapted to slide freely over

the second guide rails 333A, 333B. In one embodiment, the outer diameters of the first and

second guiderails closely match the size of the openings extending through the first and second

magnets 322, 338 so that the orientation of the magnetic poles of the magnets relative to one

another does not flip. Thus, the close sliding engagement of the first and second magnets with

the guide rails maintains the magnetic orientation of the poles of the first and second magnets

whereby the south pole S of the first magnet and the south pole S of the second magnet remain

opposed to one another.

[0073] After implantation in a tongue, when the tongue moves too far back toward the soft

palate or posterior pharyngeal wall PPW, the south pole S of the second magnet 338 initially

moves toward the south pole S of the first magnet 322. As the south poles S of the respective

magnets move toward one another, the poles repel one another, which forces the second

magnet 338 away from the first magnet, which in turn moves the back of the tongue away from

the pharyngeal wall. The repelling force exerted by the magnets increases according to an

inverse of the square of the distance between the magnets 322, 338. As a result, the magnetic

implant 320 does not have a "hard stop", and the likelihood of a "cheese-cutting" effect into the



tongue musculature is reduced. In addition, the presence of the guide rails 329A, 329B, 333A,

333B prevents the magnets from flipping.

[0074] Although various embodiments disclosed herein relate to use in humans, it is

contemplated that the present invention may be used in all mammals, and in all animals having

air passages. Moreover, the implants disclosed herein may incorporate any materials that are

biocompatible, as well as any solutions or components that minimize rejection, enhance tissue

in-growth, and improve acceptance of the implants after the implants have been implanted.

[0075] The present application discloses particular embodiments of a magnetic implant

implantable in a tongue for preventing obstructive sleep apnea. The present invention is not

limited by the particular embodiments shown and described herein. It is contemplated that the

configuration of the magnets and the supporting elements for the magnets may change and still

fall within the scope of the present invention. In its broadest concept, the present invention

covers all implants that use the repelling forces between magnets to move the tongue away

from the pharyngeal wall or soft palate opening an airway through a direct interaction with

structures anterior to the anchor placed within the tongue. The present invention also covers all

structures that maintain the repelling faces of magnets in alignment with one another for moving

a body part to open an airway.

[0076] The headings used herein are for organizational purposes only and are not meant to

be used to limit the scope of the description or the claims. As used throughout this application,

the word "may" is used in a permissive sense (i.e., meaning having the potential to), rather than

the mandatory sense (i.e., meaning must). Similarly, the words "include", "including", and

"includes" mean including but not limited to. To facilitate understanding, like reference numerals

have been used, where possible, to designate like elements common to the figures.

[0077] While the foregoing is directed to embodiments of the present invention, other and

further embodiments of the invention may be devised without departing from the basic scope

thereof. As such, the scope of the present invention is to be limited only as set forth in the

appended claims.



What is claimed is:

1. An implant for treating sleep disorders comprising:

a first anchor;

a first magnet coupled to said first anchor;

a tongue anchor;

a second magnet coupled to said tongue anchor; and

a support for aligning said first and second magnets so that a repelling force is

generated between said magnets for urging said second magnet away from said first magnet.

2 . The implant as claimed in claim 1, wherein said repelling force urges said second magnet

toward said first anchor.

3 . The implant as claimed in claim 1, wherein said first anchor is connected with bone or

soft tissue.

4 . The implant as claimed in claim 3 , wherein said bone is selected from the group

consisting of mandible, hyoid, and maxilla, and said soft tissue is selected from the group

consisting of the inframandibular fascia, geniohyoid muscle, genioglossus muscle, and

digastrics muscle.

5 . The implant as claimed in claim 1, wherein said support aligns a magnetic pole of said

first magnet with a repelling magnetic pole of said second magnet, and guides movement of

said first and second magnets relative to one another.

6 . The implant as claimed in claim 5, wherein said support maintains said first magnet at a

fixed distance from said first anchor.

7 . The implant as claimed in claim 6 , wherein said support comprises an elongated tube

having a proximal end, a distal end, and an inner surface defining an inner diameter extending

between the proximal and distal ends.



8 . The implant as claimed in claim 7, wherein said first magnet has an outer diameter that

substantially matches the inner diameter of said elongated tube.

9 . The implant as claimed in claim 8 , further comprising a tether for coupling said first

magnet with said first anchor, said tether having a first end connected with said first anchor and

a second end connected with said first magnet.

10. The implant as claimed in claim 9, wherein said tongue anchor is secured to the distal

end of said elongated tube, said second magnet is fixed to said elongated tube and has an

opening extending therethrough, and said tether passes through the opening in said second

magnet.

11. The implant as claimed in claim 6, wherein said support comprises a shaft having a first

end secured to said first anchor and a second end secured to said first magnet for holding said

first magnet at the fixed distance from said first anchor.

12. The implant as claimed in claim 11, wherein said shaft is flexible and comprises

biocompatible materials selected from the group consisting of stainless steel, titanium, tantalum,

nitinol, and polymers.

13. The implant as claimed in claim 11, wherein said second magnet has an opening

adapted to receive said shaft and said second magnet is slideable over an outer surface of said

shaft, and wherein said tongue anchor is secured to said second magnet, said tongue anchor

comprising a bearing surface and at least one thread interconnecting said tongue anchor and

said second magnet.

14. An implant for treating sleep disorders comprising:

first and second magnets;

a support for holding said first magnet at a fixed distance from a first anchor, aligning a

magnetic pole of said first magnet with a repelling magnetic pole of said second magnet and

guiding movement of said first and second magnets relative to one another; and



a tongue anchor coupled with said second magnet.

15. The implant as claimed in claim 14, wherein said support comprises an elongated tube

having a proximal end, a distal end, and an inner surface extending between the proximal and

distal ends, the inner surface defining an inner diameter of said elongated tube, and wherein

said first magnet is disposed within said elongated tube and is adapted to slide over the inner

surface of said elongated tube between the proximal and distal ends thereof.

16. The implant as claimed in claim 15, wherein said tongue anchor is secured to the distal

end of said elongated tube, and wherein said tongue anchor and said elongated tube are

implantable in a tongue.

17. The implant as claimed in claim 15, wherein said support further comprises a tether

adapted to hold said first magnet at the fixed distance from said first anchor, said tether having

a first end secured to said first anchor and a second end secured to said first magnet, and

wherein said second magnet is fixed to said elongated tube and has an opening extending

therethrough and said tether passes through the opening in said second magnet.

18. The implant as claimed in claim 14, wherein said support comprises a shaft having a first

end secured to said first anchor and a second end secured to said first magnet for holding said

first magnet at the fixed distance from said first anchor, and wherein said second magnet has an

opening adapted to receive said shaft and said second magnet is slideable over an outer

surface of said shaft.

19. The implant as claimed in claim 18, wherein said tongue anchor is secured to said

second magnet, and wherein said tongue anchor comprises a bearing surface and at least one

thread interconnecting said bearing surface and said second magnet.

20. An implant for treating sleep disorders comprising:

first and second magnets;

a support for holding said first magnet at a fixed location relative to an anchor point;



said support being adapted for aligning a magnetic pole of said first magnet with a

repelling magnetic pole of said second magnet and for guiding movement of said first and

second magnets relative to one another, and

a tongue anchor coupled with said support and said second magnet.

2 1 . The implant as claimed in claim 20, wherein said support comprises at least one guide

rail extending between said first and second magnets for guiding sliding movement of said

magnets relative to one another.

22. The implant as claimed in claim 20, wherein said support comprises at least one tether

connected with said first magnet for holding said first magnet at a fixed distance from bone or

soft tissue.

23. The implant as claimed in claim 20, further comprising a flexible diaphragm surrounding

said first and second magnets.

24. The implant as claimed in claim 20, wherein said support comprises:

an elongated tube having a proximal end, a distal end, and an inner surface extending

between the proximal and distal ends, the inner surface defining an inner diameter of said

elongated tube; and

said first magnet being disposed within said elongated tube and being adapted to slide

along the inner surface of said elongated tube between the proximal and distal ends thereof,

and wherein said first magnet has an outer diameter that substantially matches the inner

diameter of said elongated tube.

25. The implant as claimed in claim 24, wherein said second magnet is fixed to said

elongated tube and has an opening extending therethrough, and wherein a tether connected to

said first magnet passes through the opening in said second magnet.
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