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TISSUE SUPPORTING DEVICE AND METHOD

Field of the Invention

The present invention relates generally to the field of medical devices, and more
particularly to medical devices adapted to support soft tissue, with particular application for

supporting or suspending the tongue from the mandible to treat sleep apnea conditions.

Background

Obstructive sleep apnea (OSA) 1s a medical condition that 1s caused by a blockage of
the airway, which usually occurs when the soft tissue 1n the throat collapses and closes during
sleep. According to the National Institutes of Health, OSA affects more than twelve million
Americans. During each apnea event, the brain brietly arouses the sufferer in order to initiate
the resumption of breathing. This type of sleep, however, 1s extremely fragmented and of
poor quality. When left untreated, OSA may result in high blood pressure, cardiovascular
disease, weight gain, impotency, headaches, memory problems, job impairment, and motor
vehicle crashes. Despite the seriousness of OSA, a general lack of awareness among the
public and healthcare professionals results 1in the vast majority of OSA sufferers remaining

undiagnosed and untreated.

In the human body, the air filled space between the nasal cavity and the larynx 1s
referred to as the upper airway. The most critical part of the upper airway associated with
sleep disorders 1s the pharynx. The pharynx has three different anatomical levels. The
nasopharynx 1s the upper portion of the pharynx located in the back of the nasal cavity. The
oropharynx 1s the intermediate portion of the pharynx containing the soft palate, the
epiglottis, and the curve at the back of the tongue. The hypopharynx 1s the lower portion of
the pharynx located below the soft tissue of the oropharynx. The oropharynx 1s the section of
the pharynx that 1s most likely to collapse due to the high prevalence of soft tissue structure,
which leaves less space for airflow. The hypopharynx lies below the aperture of the larynx

and behind the larynx, and extends to the esophagus.

As 18 well known to those skilled 1n the art, the soft palate and the tongue are both
flexible structures. The soft palate provides a barrier between the nasal cavity and the mouth.
In many instances, the soft palate 1s longer than necessary and 1t extends a significant

distance between the back of the tongue and the posterior pharyngeal wall.
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Although the muscles relax throughout the body during sleep, most of the muscles of
the respiratory system remain active. During inhalation, the diaphragm contracts and causes
negative pressure to draw air ito the nasal cavity and mouth. The air then flows past the
pharynx, through the trachea and into the lungs. The negative pressure causes the tissue of
the upper airway to deform slightly, which narrows the airway passage. In apneic patients,
the soft palate, the tongue, and/or the epiglottis collapse against the posterior pharyngeal wall
to block airflow into the trachea. As the airway narrows, airflow through the pharynx
becomes turbulent which causes the soft palate to vibrate, generating a sound commonly

known as snoring.

During sleep, humans typically experience brief obstructions of airtlow and/or small
decreases 1n the amount of airflow into the trachea and lungs. An obstruction of airflow for
more¢ than ten seconds 1s referred to as apnea. A decrease 1n airflow by more than fifty
percent 18 referred to as hypopnea. The severity of sleep disorders 1s measured by the number
of apneas and hypopneas that occur during every hour of sleep. If apnea or hypopnea occurs
more than five times per hour, most medical personnel diagnose the individual as having an
upper arrway resistance problem. Many of these patients exhibit symptoms related to sleep

disorders including sleepiness during the day, depression, and difficulty concentrating.

Individuals having ten or more episodes of apnea or hypopnea during every hour of
sleep are officially classified as having obstructive sleep apnea syndrome. As the airway 18
obstructed, the individual makes repeated attempts to force inhalation. Many of these
episodes are silent and are characterized by movements of the abdomen and chest wall as the
individual strains to draw air into the lungs. Typically, episodes of apnea may last a minute
or more. During this time, oxygen levels in the blood will decrease. Ultimately, the
obstruction may be overcome by the individual generating a loud snore or awakening with a

choking feeling.

When an individual 1s awake, the back of the tongue and the soft palate maintain their
shape and tone due to their respective internal muscles. As a result, the airway through the
pharynx remains open and unobstructed. During sleep, however, the muscle tone decreases
and the posterior surface of the tongue and the soft palate become more flexible and
distensible. Without normal muscle tone to keep their shape and to keep them 1n place either
alone or as a group, the posterior surface of the tongue, the epiglottis, and the soft palate SP

tend to casily collapse to block the airway.
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One known treatment, commonly referred to as continuous positive airway pressure
(CPAP), 1s currently the “gold standard™ for treating OSA and operates by delivering air into
a patient’s airway through a specially designed nasal mask or pillow. The tlow of air creates
positive pressure when the patient inhales to keep the airway open. Although CPAP 1s
considered by many to be an effective non-surgical treatment for the alleviation of snoring
and obstructive sleep apnea, patients complain about discomfort caused by the mask and

hoses, including bloating, nasal drying, and dry eyes. As a result, patient compliance for

CPAP 1s only about 40%.

Surgical treatments have also been used to treat OSA. One such treatment 1s referred
to as uvulopalatopharyngoplasty, which imvolves removing about 2 cm of the trailing edge of
the soft palate to reduce the soft palate’s ability to flutter between the tongue and the
pharyngeal wall. Another procedure uses a surgical laser to create scar tissue on the surface
of the soft palate, which reduces the flexibility of the soft palate for reducing snoring and/or
closing of the air passage. Yet another procedure, commonly referred to as cautery-assisted
palatal stiffening operation (CAPSO), 1s an office-based procedure performed under local
anesthesia whereby a midline strip of soft palate mucosa 1s removed, and the wound 1s

allowed to heal whereupon the flaccid palate 1s stiffened.

Surgical procedures such as those mentioned above continue to have problems. More
specifically, the area of tissue that 1s surgically treated (i.e., removal of palatal tissue or
scarring of palatal tissue) 18 often larger than 1s necessary to treat the patient’s condition. In
addition, the above-mentioned surgical procedures are often painful with extended,
uncomfortable healing periods. For example, scar tissue on the soft palate may present a
continuing irritant to the patient. Furthermore, the above procedures are not reversible 1n the

event of adverse side effects.

Surgical implants have also been used to treat OSA. One such implant system, sold
under the name AIRvance by Medtronic, Inc. of Minneapolis, MN, uses a titanium screw that
1s 1nserted into the posterior aspect of the mandible at the floor of the mouth. A loop of
suture 1s passed through the tongue base and attached to the mandibular bone screw. The
procedure achieves a suspension or hammock of the tongue base making 1t less likely for the
base of the tongue to prolapse during sleep. The use of the screw style bone anchor increases

the risk of damage to the teeth or the nerve roots and or vasculature for the teeth.
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Another known tongue suspension device similarly utilizes a bone screw in the
mandible, but has the advantage of being adjustable. The device utilizes a flexible shape
memory anchor within the tongue that 1s shaped similar to a grappling hook to engage the
tissue within the tongue base. It 1s placed through a small incision in the sub-mental region
and the suture 1s attached to a spool-like component attached to the mandible. Two to four
weeks after healing, a small incision 1s made under the chin and a screw 1s turned to tighten
the suture, thus pulling the device forward. While the device provides a simplified installation
technique from within the sterile space, the anchors suffered from a high rate of device
fracture and failure due to loading within the tongue musculature. Additionally, the risk of

damage to the teeth or the nerve roots for the teeth 1s similar in both devices.

US 7367340 describes the use of an eclement that 1s anchored to the mandible and 1s
capable of applying force within the tongue to prevent the tongue from collapsing during
sleep. In the embodiments described, the device consists of an element that 1s attached to the
mandible though drilling of the mandible to provide a rigid point of fixation. The method of
attachment produces essentially the same risk to the dental anatomy and nerve structures

within the mandible.

This risk of damage by the above-described devices 1s illustrated by Fig. 1, which
shows the typical mandible placement of a bone screw with a suspension fiber. As the screw
extends into the mandible as shown, 1t may potentially strike the nerves, vasculature or teeth

depending upon placement.

In order to avoid the risk of damage to the bone or nerves, an alternative approach that
utilizes a flexible soft tissue anchor 1s 1llustrated in Fig. 2. In this embodiment, the anchor for
the suspension loop 1s placed within the soft tissue of the sub-mental region and the
suspension element 18 fixed to the soft flexible anchor. While this method avoids the 1ssues
associated with the placement of a bone anchor or screw 1n the mandible, 1t results 1n a more
vertical angle 0, of fixation for the suspension loop. When comparing the foregoing
1llustrations, 1t can be seen that the angle 0, 1s larger for the soft tissue anchor system than the
angle 0; for the bone anchor device. It 1s possible that the anchor, 1f placed to far posterior to
the infra-mandibular margin, may result 1n a vertical compression of the tongue base instead
of anterior displacement of the tongue. Therefore, 1t 1s desirable to provide an anchor system

that more closely approximates the resultant angle of suspension.
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Given the disadvantages described above, there remains a need for a tongue
suspension device that provides a point of fixation relative to the mandible, that can

cttectively resist motion due to loading of the musculature of the tongue during swallowing
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and speech, and that does not damage the boney structures or nerves of the mandible.

Summary of the Invention

A tissue supporting device 1s provided having an anchor element having a plate-like
clement and first and second side walls extending upwardly therefrom. The plate-like
clement 1s defined by front and rear edges, and first and second side edges, and a length of
the rear edge 1s longer than a length of the front edge. The first and second side walls are
aligned substantially along at least a portion of the first and second side edges of the plate-
like element such that a distance between the first and second side walls at a front side of the
plate-like element 1s less than a distance between the first and second side walls at a rear side
of the plate-like element. The tissue supporting device further includes a soft tissue
supporting element adapted for engaging and supporting soft tissue that 1s coupled to the flat
plate, and extends outwardly from the anchor element.

The soft tissue supporting element may be a looped filamentary element, and the
plate-like element may includes one or more apertures therethrough, with the filamentary
clement being coupled to the plate-like element by passing through said one or more
apertures.

In another embodiment, the tissue supporting device further includes a clamp element
coupled to the anchor element so as to fixedly secure the filamentary element thereto, which
may further be removably coupled thereto.

In yet another embodiment, the filamentary element 1s made of a material selected
from the group consisting of polypropylene, ePTFE, polyamide, fibers produced from
fluoropolymers, polyesters, polyolefins, urethanes, Poly (hexatluoropropylene -VDF) and
polyaryletherketones.

In yet another embodiment, the anchor element 1s sized and shaped to engage a lower
edge of an anterior portion of a mandible of a patient such that when so engaged, the anchor
clement straddles an anterior/inferior margin of the mandible with the front edge positioned
substantially along a front edge of the mandible, the rear edge 1s positioned more rearward on

the mandible, and the first and second side walls engage lateral outer edges of the mandible.
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The soft tissue supporting device may further be adapted to be implanted within a
patient’s tongue so as to support the tongue from the anchor element.

In yet another embodiment, the anchor element further includes an anterior projection
clement projecting upwardly from a front side of the anchor element, and 1n yet another
embodiment the tissue supporting device further includes an adjustment mechanism for
adjusting a position of the first and second side walls relative to the plate-like element.

Also provided 1s a device for treating obstructive sleep apnea 1n a human patient
having a mandible and a tongue including an anchor element having a plate-like element
sized and shaped to straddle a lower edge of an anterior and inferior margin of the mandible,
and at least one side wall extending upwardly from the flat plate and sized and shaped to
engage an outer edge of at least a mental foramen of the mandible when the flat plate
straddles the lower edge of the mandible. The device further includes a tissue supporting
clement coupled to the anchor element and extending outwardly therefrom and adapted to be
implanted within the tongue. When the anchor element 1s engaged with the mandible and the
tissue supporting element implanted 1n the tongue, rearward movement of the tongue 1s
resisted without mechanical fixation of the anchor element to the mandible.

The tissue supporting element may be a looped filamentary element, and may further
be made of a material selected from the group consisting of polypropylene, ePTFE,
polyamide, fibers produced from fluoropolymers, polyesters, polyolefins, urethanes, Poly
(hexafluoropropylene -VDF) and polyaryletherketones.

The device may further include a clamp element coupled to the anchor element and
adapated to fixedly secure the filamentary element thereto, which may further be removably
coupled to the anchor element.

In yet another embodiment, the anchor element further includes first and second side
walls extending upwardly from the plate-like element, wherein the first side wall 1s s1zed and
shaped to engage one lateral outer edge of the mandible and the second side wall 1s sized and
shaped to engage the opposite lateral outer edge of the mandible.

In yet another embodiment, the device further includes an adjustment mechanism for
adjusting a position of the first and second side walls relative to the plate-like element.

Also provided 1s a device for treating obstructive sleep apnea 1n a human patient
having a mandible and a tongue including an anchor element sized and shaped to abut at least
two distinct non-coplanar surfaces of the mandible when implanted in the patient, and a tissue

supporting element coupled to the anchor element and extending outwardly therefrom and
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adapted to be implanted within the tongue. When the device 1s implanted within the patient,
the anchor element 18 held 1n engagement with the mandible solely through forces of the soft
tissues opposing the abutting locations.

The present disclosure also provides a method for treating obstructive sleep apnea,
including the steps of obtaining an implantable tissue supporting device having an anchor
clement including a plate-like element and first and second side walls extending upwardly
from first and second sides thereof, and a soft tissue supporting element coupled to the anchor
clement and extending outwardly therefrom; and implanting the implantable tissue supporting
device within a patient such that the anchor element straddles and engages the anterior and
inferior margins of the mandible, and the soft tissue supporting element 1s implanted within
the patient’s tongue so as to prevent rearward movement of the tongue without mechanical
affixation of the anchor element to the mandible.

The soft tissue supporting element may be a looped filamentary element.

The method may further include adjusting the position of the tissue supporting
clement relative to the anchor element, then fixedly securing the tissue supporting element to
the anchor element.

Finally, another method 1s provided for treating obstructive sleep apnea including the
steps of obtaining an implantable tissue supporting device including an anchor element and a
soft tissue supporting element coupled to the anchor element and extending outwardly
therefrom; implanting the anchor element so that 1t substantially abuts at least two distinct
non-coplanar surfaces of a patient’s mandible and has no further affixation to said mandible;
and implanting the soft tissue supporting element within the patient’s tongue so as to resist
rearward motion of the tongue via engagement of the anchor element with the mandible.

These and other objects, features and advantages of the present invention will be
apparent from the following detailed description of illustrative embodiments thercof, which 1s

to be read in connection with the accompanying drawings.

Brief Description of the Drawings

Figs. 1 and 2 illustrate prior art tongue suspension devices;

Fig. 3 18 a perspective view of a tissue supporting device according to the present
invention;

Fig. 4 1s a perspective view of the anchor element of the embodiment of Fig. 3;

Fig. 5 illustrates the anchor element of Fig. 4 1n relation to a human mandible;
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Figs. 6-8 are an inferior view, saggital view, and lateral view respectively of a tissue
supporting device of the present invention relative to the human anatomy;

Fig. 9 1llustrates a tissue supporting device according to the present invention
including an additional clamp;

Fig. 10 1llustrates an alternate embodiment of an anchor element of the tissue
supporting device of the present invention;

Figs. 11a and 11b 1illustrate a tissue supporting device according to the present
invention including adjustability features;

Figs. 12a and 12b illustrate an alternate embodiment of a tissue supporting device
including a clamping feature; and

Fig. 13 illustrates an exemplary implantation technique for implanting the tissue

supporting element.

Detailed Description
Although the tissue supporting device will be described herein with particular

reference to supporting or suspending the tongue from the mandible for the treatment of
obstructive sleep apnea, 1t 1S to be understood that the present invention 1s not so limited and
may have application for supporting or suspending soft tissue from other bony structures
and/or for treating other medical conditions.

Fig. 3 1llustrates one embodiment of a tissue supporting device according to the
present invention. The tissue supporting device 100 includes an anchor element 102 and a
soft tissue supporting element 104 coupled thereto. One embodiment of an anchor element
102 1s shown 1n more detail in Fig. 4, and includes a plate-like element 106 which 1s defined
by a front edge 108 at a front side 109, a rear edge 110 at a rear side 111, and first and second
side edges 112, 114. The front edge 108 has a length 1; that is shorter than the length 1, of the
rear edge 110. While the particular embodiment discloses a substantially flat plate-like
clement 106, the plate-like element may be produced with a stepped or contoured surface that
fits within the infra-mandibular cavity, thereby more closely approximating the distal surface
of the digastric and mylohyoid muscles. When fabricated 1n this manner, the final location of
the suspension loop anchor pomt may more closely sitmulate the insertion point at the genial
tubercle on the lingual surface of the mandible. The use of the stepped anchor more closely
approximates the natural angle of suspension provided by the geniohyhoid and genioglossus

musculature. For sake of clarity, the term “plate-like element™ as used herein encompasses
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any such embodiments. The anchor element 102 also includes at least one side wall, and
preferably first and second side walls 116, 118. The first and second side walls 116, 118
extend upwardly from the plate-like element 106, and are substantially aligned along the first
and second side edges 112, 114 of the plate-like element. The first and second side wall
clements extend along two distinct, non-connected planes, that extend outward from a remote
convergence point. Although 1n the 1llustrated embodiment the first and second side walls
extend substantially along the entire length of the first and second side edges of the plate-like
clement, the side walls may extend along any portion of the length. Additionally, while the
first and second side walls are 1llustrated as flat planar structures, 1t 1s envisioned that the side
walls may have a three dimensional, non-planar form that 1s contoured to the features of the
recerving mandibular surface, and the term “side walls™ as used herein 1s intended to cover
any such embodiments. The distance d between the first and second side walls increases
from the front side 109 to the rear side 111 of the plate-like element so as to form a V-like
shape as 1llustrated 1n Fig. 4, the importance of which will be described further below.

In the 1llustrated embodiment, the plate-like element further includes one or more
apertures 120 therethrough, and 1n a preferred embodiment the soft tissue supporting element
104 1s a filamentary or fiber-like element such as non-absorbable surgical suture, which 1s
coupled to the anchor element by threading through the one or more apertures. Materials that
are suitable for use as a soft tissue supporting element include, polypropylene, ePTFE,
polyamide, fibers produced from fluoropolymers, polyesters, polyolefins, urethanes, Poly
(hexafluoropropylene -VDF) and polyaryletherketones.

Figs. 5-8 illustrate use of the device of the present invention for treating obstructive
sleep apnea. Fig. 5 illustrates a mandible 128 of a patient, with the anchor element 102 being
positioned relative to the anterior and inferior margin of the mandible such that the front edge
108 of the anchor element 1s closest to the front edge 130 of the mandible. It should be noted
that the shape of the device approximates the somewhat planar configuration of the mandible.
The mandible 128 1s comprised essentially of three main planar like elements that converge at
various angles along a central line of symmetry. While the surface texture and contours of the
mandible are somewhat irregular or non-planar, the broad mandibular surfaces can be
considered as approximately planar 1n a general form. The first vertical plane 1s located along
the anterior face of the mandible and extends to the approximate location of the mentalis 113
near the incisive fossa on the exterior surface of the mandible. The first vertical plane 1s
connected at an oblique angle to the two vertical planes that form the lateral surfaces of the

mandible. The first vertical pane 18 roughly defined as extending approximately from the
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right side of the mentalis 113 to the right ramus 125 extending upward to the level of the right
condyle 123 and right coronoid process 121. The second vertical pane 1s roughly defined as
extending approximately from the left side of the mentalis 113 to the left ramus 115
extending upward to the level of the left condyle 117 and left coronoid process 119. In this
manner, given the v-like shape of the anchor element formed essentially by two distinct
converging side wall plane elements and the corresponding converging planar shape of the
mandible, the anchor element straddles and engages the mandible to provide a stable anchor
for the soft tissue supporting element by the proximity to, or abutting to, similarly shaped
non-co-planar surfaces of the mandible without requiring any mechanical fixation to the bone
as will be further described below. It should be noted that while the anchor element 102 of
the tissue supporting device 100 1s disclosed as a monolithic component, 1t 18 envisioned that
the structure may be made of modular type construction whereby the positioning of the side
walls relative to the plate-like element 1s adjustable for a better custom fit through the use of
segmented interlocking components or the like. For example, Figs. 11a and 11b 1llustrate one
embodiment where the first and second side walls 116a, 118a are movably coupled to the
plate-like element 102a. Ribbed or ratcheted projections 301a, 301b that extends outwardly
from the first and second side walls respectively, are received within and engage with
corresponding slots 303a, 303b 1n the plate-like element 102a. This slotted and ribbed
arrangement 18 produced with a series of latching positions that enable a finite number of
interlocked positions. The device 1s placed similar to the monolithic formed device with the
exception that the width of the device 1s adjusted to fit the width of the particular mandible by
compressing the side walls and plate-like element together until the final locked position 1s
reached that ensures optimal placement. In an alternate embodiment (not shown), the plate
may be split into two halves, with each half having an “L” shaped profile formed by the side
wall element and the partial lower plate. The lower plate portion includes a similar horizontal
slot and rib arrangement that allows the two halves to be compressed together.

Referring now to Figs. 7-8, the soft tissue supporting element 104 1s adapted to
engage and provide a tension element or to suspend the tongue from the anchor element 1n
order to prevent rearward movement of the tongue that will occlude or partially occlude the
upper airway. In the illustrated embodiment, the soft tissue supporting element 1s implanted
within the tongue 134 and extends outwardly from the anchor element 102 to the submucosal
tissues located approximately at the position of the circumvallate papillae and passes laterally
across the tongue for a distance of 2 cm located approximately 1¢m lateral from the median

sulcus portion of the tongue, at an angle 0 that substantially corresponding to known bone
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anchor type suspension devices as shown in Fig. 1, and that place tensile force vectors on the
anchor element that cause it to further engage with the mandible. Once engaged, rearward
motion 1s resisted by the convergence of the side walls of the anchor element and elevating
forces are resisted by the presence of the inferior surface of the mandible resulting 1in a
compressive force at the interface of the anchor and mandible. As a result, the anchor
clement engages firmly with the mandible 1n a manner that will resist the loading of the soft
tissue supporting element, but also 1n a manner that does not require mechanical fixation to
the mandible as with the bone anchor devices of the prior art.

The tissue supporting device may further include a clamp, cover or the like that
engages or clamps the soft tissue supporting element to the anchor element. Fig. 9 1llustrates
one such clamp element 140 designed to engage the anchor element 102 1in such a manner
that the ends of the soft tissue supporting element 104 are clamped or otherwise fixedly
secured between the clamp element and anchor element. In the illustrated embodiment, the
clamp element 140 includes a first projection 142 extending outwardly therefrom that 1s sized
and shaped to pass through a corresponding opening 146 through the anchor element and also
engage a top surface 148 of the plate-like element. The clamp element 140 further includes a
second projection 150 sized and shaped to engage the rear edge 110 of the anchor element
once the first projection 1s engaged, to thereby form a snap fit between the elements such that
the base 152 of the clamp firmly engages the soft tissue supporting element between the
clamp and anchor element.

Figs. 12a and 12b 1llustrate an alternate embodiment having first and second plate-like
clements 307, 309 that snap together to fixedly secure the tissue supporting element 104
therebetween. The first and second plate-like elements 307, 309 are coupled together at a
front side by any suitable hinge mechanism 310. The rear side includes one or more
projections 311 sized and shaped to provide a snap-lock fit that fixedly engages the first and
second plate-like elements 307, 309 together when the first plate-like element 1s pivoted
downward as shown by the arrow 1n Fig. 12b. Although particular embodiments are
described herein, those skilled in the art will readily recognize various other clamping
mechanisms that may be used in connection with the present invention. Further, the
interlocking features of the clamp and the anchor may be produced as a series of snap locks.
The use of multiple snap locks enable a graduated increase 1n the clamping force applied to
the fiber. The graduated tensioning allows for initial positioning of the fiber through the
application of a low frictional force created through closure of the clamp component into 1ts

first position. Once the soft tissue support device has been positioned correctly, the clamp 1s
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snapped 1nto a second position that provides the final locking force for the soft tissue
supporting element. Alternatively, while the anchor device as 1llustrated discloses a simple
interlocking clamp feature, the device may alternatively be produced with adjustable
tensioning devices such as screw driven slides, ratchets, and wedge clamps.

The additional clamp element may allow for post surgical adjustments by further
access to and disengaging of the clamp element, pulling on the soft tissue supporting
clements to provide greater support or suspension, and re-engaging or re-clamping the clamp
to fixedly secure the soft tissue supporting clements to the anchor element 1n the increased
suspension state.

In order to implant the device, an incision 1s made 1n the inferior region of the
mandible, slightly posterior to the mental protuberance. A pocket 1s created to receive the
anchor element through the dissection of the tissues away from the inferior surface of the
mandible. The soft tissue supporting element may be placed within the tongue through the
use of trocars and snare-like elements similar to those described 1n U.S. Patent Publication
No. 2010/0137905, which 1s incorporated herein by reference 1n its entirety. According to
one technique, the fiber 1s placed laterally through the tongue through the use of a pre-
attached needle or through the use of a curved eyed needle or snare element. The needle 1s
passed laterally from approximately 1cm off from the median sulcus to approximately 1cm
lateral to the opposite side of the median sulcus at the location of the circumvallate papillae.
The fiber 1s passed approximately 1-2mm below the surface of the mucosa of the tongue.
After the iitial fiber placement has been completed, approximately 10 — 12cm of the free
ends of the soft tissue support element are extending from the surface of the tongue within the
oral cavity. Snare type needles 202 are then passed from the inferior incision in the sub-
mental region, through the tongue and exits through the same punctures as the free ends of
the soft tissue supporting element as shown 1n Fig. 13. The respective free ends 204 of the
soft tissue supporting element 104 are placed in the snare device 202 and are pulled though
the tissues of the tongue to the exit point and hole 120 within the anchor device 102. The free
ends of the soft tissue supporting element are tensioned slightly and tied together, or a clamp
clement 140 1s used to lock the free ends of the tissue supporting element in position. The
incisions are then closed through standard techniques.

Where increased holding strength of the anchor element 1s desired, the anchor element
may further include an anterior projection element 160 that projects upwardly from the front

side 109 of the flat plate 106 of the anchor element 102 to provide a distinct stop against the

12



10

15

20

CA 02853348 2014-04-23
WO 2013/063028 PCT/US2012/061569

front of the mandible as shown 1n Fig. 10. This may be particularly useful for patients with
very narrow mandibles.

The anchor element may be comprised of a solid, biocompatible material, or may be a
composite structure that can increase tissue incorporation or integration and device
compliance. For example, materials such as mesh materials, foams, porous surface treatments
or perforations may be added to improve tissue ingrowth to a solid rigid structure.
Alternatively, the anchor device, 1n the simple design providing a tying location for the soft
tissue supporting element, may be produced as a laminated structure that combines
absorbable polymeric or metallic materials such as PGA, polydioxanone, magnesium, etc
with non-absorbable textile materials such as polypropylene, PVDF, polyesters, polyelefins,
eptfe, metallic textiles such as stainless steel or titanium etc. or combinations thereof. In this
particular embodiment, the device 1s rigid at the time of implantation to ensure placement
without fixation. As the absorbable materials are removed over time, the textile structure
integrates with the surrounding tissues and the implant becomes flexible to enable some

additional degree of free motion to the soft tissue supporting element.

Although 1llustrative embodiments of the present invention have been described
herein with reference to the accompanying drawings, 1t 1s to be understood that the invention
1s not limited to those precise embodiments and that various other changes and modifications
may be effected herein by one skilled in the art without departing from the scope or spirit of

the invention.
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What Is Claimed Is:
1. A tissue supporting device comprising:

an anchor clement having a plate-like element and first and second side walls
extending upwardly therefrom, wherein the plate-like element 1s defined by front and rear
edges, and first and second side edges, and a length of the rear edge 1s longer than a length of
the front edge, and wherein the first and second side walls are aligned substantially along at
least a portion of the first and second side edges of the plate-like element such that a distance
between the first and second side walls at a front side of the plate-like element 1s less than a
distance between the first and second side walls at a rear side of the plate-like element; and

a soft tissue supporting element adapted for engaging and supporting soft tissue, the
soft tissue supporting element being coupled to the flat plate, and extending outwardly from

the anchor element.

2. The tissue supporting device according to claim 1, wherein the soft tissue supporting

clement 1s a looped filamentary element.

3. The tissue supporting device according to claim 2, wherein the plate-like element
includes one or more apertures therethrough, and wherein the filamentary element 1s coupled

to the plate-like element by passing through said one or more apertures.

4, The tissue supporting device according to claim 3, further comprising a clamp
clement coupled to the anchor element so as to fixedly secure the filamentary element

thereto.

5. The tissue supporting device according to claim 4, wherein the clamp element 1s

removably coupled to the anchor element.

0. The tissue supporting device according to claim 3, wherein the filamentary element 1s
comprised of a material selected from the group consisting of polypropylene, ¢ePTFE,
polyamide, fibers produced from fluoropolymers, polyesters, polyolefins, urethanes, Poly

(hexafluoropropylene -VDF) and polyaryletherketones..
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7. The tissue supporting device according to claim 1, wherein the anchor element 1s
sized and shaped to engage a lower edge of an anterior portion of a mandible of a patient such
that when so engaged, the anchor element straddles an anterior/inferior margin of the
mandible with the front edge positioned substantially along a front edge of the mandible, the
rear edge 1s positioned more rearward on the mandible, and the first and second side walls

engage lateral outer edges of the mandible.

3. The tissue supporting device according to claim 7, wherein the soft tissue supporting
device 1s adapted to be implanted within a patient’s tongue so as to support the tongue from

the anchor element.

9. The tissue supporting device according to claim 8, wherein the anchor element further
comprises an anterior projection element projecting upwardly from a front side of the anchor

element.

10. The tissue supporting device according to claim 1, further comprising an adjustment
mechanism for adjusting a position of the first and second side walls relative to the plate-like

element.

11. A device for treating obstructive sleep apnea in a human patient having a mandible
and a tongue comprising:

an anchor element having a plate-like element sized and shaped to straddle a lower
cdge of an anterior and inferior margin of the mandible, and at least one side wall extending
upwardly from the flat plate and sized and shaped to engage an outer edge of at least a mental
foramen of the mandible when the flat plate straddles the lower edge of the mandible; and

a tissue supporting element coupled to the anchor element and extending outwardly
therefrom and adapted to be implanted within the tongue;

wherein when the anchor element 1s engaged with the mandible and the tissue
supporting element implanted 1n the tongue, rearward movement of the tongue 1s resisted

without mechanical fixation of the anchor element to the mandible.

12.  The device according to claim 11, wherein the tissue supporting element 1s a looped

filamentary element.
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13.  The device according to claim 12, wherein the looped filamentary element 1s
comprised of a material selected from the group consisting of polypropylene, ¢ePTFE,
polyamide, fibers produced from fluoropolymers, polyesters, polyolefins, urethanes, Poly

(hexafluoropropylene -VDF) and polyaryletherketones.

14.  The device according to claim 12, further comprising a clamp element coupled to the

anchor clement and adapated to fixedly secure the filamentary element thereto.

15.  The device according to claim 14, wherein the clamp element 1s removably coupled to

the anchor element.

16.  The device according to claim 11, wherein the anchor element further comprises first
and second side walls extending upwardly from the plate-like element, wherein the first side
wall 1s s1zed and shaped to engage one lateral outer edge of the mandible and the second side

wall 18 s1zed and shaped to engage the opposite lateral outer edge of the mandible.

17.  The device according to claim 11, further comprising an adjustment mechanism for

adjusting a position of the first and second side walls relative to the plate-like element.

18. A device for treating obstructive sleep apnea 1n a human patient having a mandible and a

tongue comprising:

an anchor element sized and shaped to abut at least two distinct non-coplanar surfaces
of the mandible when implanted 1n the patient and a tissue supporting element coupled to the
anchor element and extending outwardly therefrom and adapted to be implanted within the
tongue;

wherein when said device 1s implanted within said patient, said anchor element 1s held
1n engagement with the mandible through solely forces of the soft tissues opposing the

abutting locations.
19. A method for treating obstructive sleep apnea, comprising:

obtaining an implantable tissue supporting device having an anchor element including

a plate-like element and first and second side walls extending upwardly therefrom at first and
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second sides thereof, and a soft tissue supporting element coupled to the anchor element and
extending outwardly therefrom;

implanting said implantable tissue supporting device within a patient such that said
anchor element straddles and engages the anterior and inferior margins of the mandible, and
the soft tissue supporting element 1s implanted within the patient’s tongue so as to prevent
rearward movement of the tongue without mechanical affixation of the anchor element to the

mandible.

20. The method according to claim 19, wherein soft tissue supporting element 1s a looped

filamentary element.

21.  The method according to claim 19, further comprising:
adjusting the position of the tissue supporting element relative to the anchor element,

then fixedly securing the tissue supporting element to the anchor element.

22. A method for treating obstructive sleep apnea, comprising:

obtaining an implantable tissue supporting device including an anchor element and a
soft tissue supporting element coupled to the anchor element and extending outwardly
therefrom;

implanting the anchor element so that 1t substantially abuts at least two distinct non-
coplanar surfaces of a patient’s mandible and has no further affixation to said mandible;

implanting the soft tissue supporting element within the patient’s tongue so as to resist

rearward motion of the tongue via engagement of the anchor element with the mandible.

17



CA 02853348 2014-04-23
WO 2013/063028 PCT/US2012/061569

1/11

FIl(3. 1 PRIOR ART

/- Hard Palate

Mandible

Bone
Anchor




CA 02853348 2014-04-23
WO 2013/063028 PCT/US2012/061569

2/11

FIG. 3

104




CA 02853348 2014-04-23
WO 2013/063028 PCT/US2012/061569

3/11




CA 02853348 2014-04-23
WO 2013/063028 PCT/US2012/061569

4/11

121 125

117

128

i\



CA 02853348 2014-04-23
WO 2013/063028 PCT/US2012/061569

102



CA 02853348 2014-04-23
WO 2013/063028 PCT/US2012/061569

6/11

FIG. 9

140

&

142

102




CA 02853348 2014-04-23
WO 2013/063028 PCT/US2012/061569

//11

FIG. 11a

116a




CA 02853348 2014-04-23
WO 2013/063028 PCT/US2012/061569

8/11

104a

116a 118a




CA 02853348 2014-04-23
WO 2013/063028 PCT/US2012/061569

9/11

FIG. 12a

104




CA 02853348 2014-04-23
WO 2013/063028 PCT/US2012/061569

10/11




PCT/US2012/061569

WO 201

11/11




FIG. 3

104

100\




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - abstract drawing

