
(19) United States 
US 200602O7612A1 

(12) Patent Application Publication (10) Pub. No.: US 2006/0207612 A1 
JacksOn et al. (43) Pub. Date: Sep. 21, 2006 

(54) TISSUE ANCHORING SYSTEM FOR 
PERCUTANEOUS GLOSSOPLASTY 

(76) Inventors: Jasper Jackson, Newark, CA (US); 
Mark Hirotsuka, San Jose, CA (US); 
Andrew Frazier, Sunnyvale, CA (US); 
Chad C. Roue, San Jose, CA (US); 
Erik van der Burg, Los Gatos, CA 
(US); Michael Dineen, Portola Valley, 
CA (US) 

Correspondence Address: 
KNOBBE MARTENS OLSON & BEAR LLP 
2O4O MAN STREET 
FOURTEENTH FLOOR 
IRVINE, CA 92614 (US) 

(21) Appl. No.: 11/349,072 

(22) Filed: Feb. 7, 2006 

Related U.S. Application Data 

(60) Provisional application No. 60/650,867, filed on Feb. 
8, 2005. Provisional application No. 60/726,028, filed 
on Oct. 12, 2005. 

Publication Classification 

(51) Int. Cl. 
A6IC 5/14 (2006.01) 

(52) U.S. Cl. .............................................................. 128/860 

(57) ABSTRACT 

Methods and devices are disclosed for manipulating the 
tongue. An implant is positioned within at least a portion of 
the tongue and may be secured to other Surrounding struc 
tures such as the mandible and/or hyoid bone. In general, the 
implant is manipulated to displace at least a portion of the 
posterior tongue in an anterior or lateral direction, or to alter 
the tissue tension or compliance of the tongue. Methods and 
devices are also disclosed for manipulating other soft tissue 
structures, including the Soft palate and pharyngeal airway. 
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TISSUE ANCHORING SYSTEM FOR 
PERCUTANEOUS GLOSSOPLASTY 

RELATED APPLICATION DATA 

0001. This application claims priority under 35 U.S.C. 
S119(e) from provisional application Ser. No. 60/650,867 
filed Feb. 8, 2005, and provisional application Ser. No. 
60/726,028 filed Oct. 12, 2005, the disclosures of which are 
incorporated in their entirety herein by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. This invention relates generally to a system and 
method for treating upper airway obstruction, sleep disor 
dered breathing, upper airway resistance syndrome and 
Snoring by manipulating the structures of the oropharynx, 
including the tongue. 
0004 2. Description of the Related Art 
0005 Respiratory disorders during sleep are recognized 
as a common disorder with significant clinical conse 
quences. During the various stages of sleep, the human body 
exhibits different patterns of brain and muscle activity. In 
particular, the REM sleep stage is associated with reduced or 
irregular ventilatory responses to chemical and mechanical 
stimuli and a significant degree of muscle inhibition. This 
muscle inhibition may lead to relaxation of certain muscle 
groups, including but not limited to muscles that maintain 
the patency of the upper airways, and create a risk of airway 
obstruction during sleep. Because muscle relaxation narrows 
the lumen of the airway, greater inspiratory effort may be 
required to overcome airway resistance. This increased 
inspiratory effort paradoxically increases the degree of air 
way resistance and obstruction through a Bernoulli effect on 
the flaccid pharyngeal walls during REM sleep. 
0006 Obstructive Sleep Apnea (OSA) is a sleep disorder 
that affects up to 2 to 4% of the population in the United 
States. OSA is characterized by an intermittent cessation of 
airflow in the presence of continued inspiratory effort. When 
these obstructive episodes occur, an affected person will 
transiently arouse, regain muscle tone and reopen the air 
way. Because these arousal episodes typically occur 10 to 60 
times per night, sleep fragmentation occurs which produces 
excessive daytime sleepiness. Some patients with OSA 
experience over 100 transient arousal episodes per hour. 
0007. In addition to sleep disruption, OSA may also lead 
to cardiovascular and pulmonary disease. Apnea episodes of 
60 seconds or more have been shown to decrease the partial 
pressure of oxygen in the lung alveoli by as much as 35 to 
50 mm Hg. Some studies suggest that increased catechola 
mine release in the body due to the low oxygen Saturation 
causes increases in Systemic arterial blood pressure, which 
in turn causes left ventricular hypertrophy and eventually 
left heart failure. OSA is also associated with pulmonary 
hypertension, which can result in right heart failure. 
0008 Radiographic studies have shown that the site of 
obstruction in OSA is isolated generally to the Supralaryn 
geal airway, but the particular site of obstruction varies with 
each person and multiple sites may be involved. A Small 
percentage of patients with OSA have obstructions in the 
nasopharynx caused by deviated septums or enlarged turbi 
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nates. These obstructions may be treated with septoplasty or 
turbinate reduction procedures, respectively. More com 
monly, the oropharynx and the hypopharynx are implicated 
as sites of obstruction in OSA. Some studies have reported 
that the occlusion begins with the tongue falling back in an 
anterior-posterior direction (A-P) to contact with the soft 
palate and posterior pharyngeal wall, followed by further 
occlusion of the lower pharyngeal airway in the hypophar 
ynx. This etiology is consistent with the physical findings 
associated with OSA, including a large base of tongue, a 
large soft palate, shallow palatal arch and a narrow man 
dibular arch. Other studies, however, have suggested that 
increased compliance of the lateral walls of the pharynx 
contributes to airway collapse. In the hypopharynx, radio 
graphic studies have reported that hypopharyngeal collapse 
is frequently caused by lateral narrowing of the pharyngeal 
airway, rather than narrowing in the A-P direction. 
0009. OSA is generally diagnosed by performing over 
night polysomnography in a sleep laboratory. Polysomnog 
raphy typically includes electroencephalography to measure 
the stages of sleep, an electro-oculogram to measure rapid 
eye movements, monitoring of respiratory effort through 
intercostal electromyography or piezoelectric belts, electro 
cardiograms to monitor for arrhythmias, measurement of 
nasal and/or oral airflow and pulse oximetry to measure 
oxygen Saturation of the blood. 
0010. Following the diagnosis of OSA, some patients are 
prescribed weight loss programs as part of their treatment 
plan, because of the association between obesity and OSA. 
Weight loss may reduce the frequency of apnea in some 
patients, but weight loss and other behavioral changes are 
difficult to achieve and maintain. Therefore, other modalities 
have also been used in the treatment of OSA, including 
pharmaceuticals, non-invasive devices and Surgery. 
0011. Among the pharmaceutical treatments, respiratory 
stimulants and drugs that reduce REM sleep have been tried 
in OSA. Progesterone, theophylline and acetozolamide have 
been used as respiratory stimulants, but each drug is asso 
ciated with significant side effects and their efficacy in OSA 
is not well studied. Protriptyline, a tricyclic antidepressant 
that reduces the amount of REM sleep, has been shown to 
decrease the frequency of apnea episodes in severe OSA, but 
is associated with anti-cholinergic side effects Such as impo 
tence, dry mouth, urinary retention and constipation. 
0012. Other modalities are directed at maintaining airway 
patency during sleep. Oral appliances aimed at changing the 
position of the Soft palate, jaw or tongue are available, but 
patient discomfort and low compliance have limited their 
use. Continuous Positive Airway Pressure (CPAP) devices 
are often used as first-line treatments for OSA. These 
devices use a sealed mask which produce airflow at pres 
sures of 5 to 15 cm of water and act to maintain positive air 
pressure within the pharyngeal airway and thereby maintain 
airway patency. Although CPAP is effective in treating OSA, 
patient compliance with these devices is low for several 
reasons. Sleeping with a sealed nasal mask is uncomfortable 
for patients. Smaller sealed nasal masks may be more 
comfortable to patients but are ineffective in patients who 
sleep with their mouths open, as the air pressure will enter 
the nasopharynx and then exit the oropharynx. CPAP also 
causes dry nasal passages and congestion. 
0013 Surgical treatments for OSA avoid issues with 
patient compliance and are useful for patients who fail 
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conservative treatment. One surgery used for OSA is uvu 
lopalatopharyngoplasty (UPPP). UPPP attempts to improve 
airway patency in the oropharynx by eliminating the struc 
tures that contact the tongue during sleep. This Surgery 
involves removal of the uvula and a portion of the soft 
palate, along with the tonsils and portions of the tonsillar 
pillars. Although Snoring is reduced in a majority of patients 
who undergo UPPP, the percentage of patients who experi 
ence reduced frequency of apnea episodes or improved 
oxygen Saturation is Substantially lower. Postoperatively, 
many patients that have undergone UPPP continue to exhibit 
oropharyngeal obstruction or concomitant hypopharyngeal 
obstruction. Nonresponders often have physical findings of 
a large base of tongue, an omega-shaped epiglottis and 
redundant aryepiglottic folds. UPPP is not a treatment 
directed at these structures. UPPP also exposes patients to 
the risks of general anesthesia and postoperative Swelling of 
the airway that will require a tracheostomy. Excessive tissue 
removal may also cause Velo-pharyngeal insufficiency 
where food and liquids enter into the nasopharynx during 
Swallowing. 
0014 Laser-assisted uvulopalatopharyngoplasty (LAUP) 

is a similar procedure to UPPP that uses a CO2 laser to 
remove the uvula and portions of the soft palate, but the 
tonsils and the lateral pharyngeal walls are not removed. 
0015 For patients who fail UPPP or LAUP, other surgical 
treatments are available but these Surgeries entail signifi 
cantly higher risks of morbidity and mortality. In genioglo 
ssal advancement with hyoid myotomy (GAHM), an antero 
inferior portion of the mandible, which includes the 
attachment point of the tongue musculature, is repositioned 
forward and in theory will pull the tongue forward and 
increase airway diameter. The muscles attached to the infe 
rior hyoid bone are severed to allow the hyoid bone to move 
Superiorly and anteriorly. Repositioning of the hyoid bone 
expands the retrolingual airspace by advancing the epiglottis 
and tongue base anteriorly. The hyoid bone is held in its new 
position by attaching to the mandible using fascia. Variants 
of this procedure attach the hyoid bone inferiorly to the 
thyroid cartilage. 
0016 A laser midline glossectomy (LMG) has also been 
tried in some patients who have failed UPPP and who 
exhibit hypopharyngeal collapse on radiographic studies. In 
this Surgery, a laser is used to resect the midline portion of 
the base of the tongue. This involves significant morbidity 
and has shown only limited effectiveness. 
0017. In some patients with craniofacial abnormalities 
that include a receding mandible, mandibular or maxillo 
mandibular advancement Surgeries may be indicated for 
treatment of OSA. These patients are predisposed to OSA 
because the posterior mandible position produces posterior 
tongue displacement that causes airway obstruction. In a 
mandibular advancement procedure, the mandible is cut 
bilaterally posterior to the last molar and advanced forward 
approximately 10 to 14 mm. Bone grafts are used to bridge 
the bone gap and the newly positioned mandible is wire 
fixated to the maxilla until healing occurs. Mandibular 
advancement may be combined with a Le Fort I maxillary 
osteotomy procedure to correct associated dental or facial 
abnormalities. These procedures have a high morbidity and 
are indicated only in refractory cases of OSA. 
00.18 Experimental procedures described in the clinical 
literature for OSA include the volumetric radiofrequency 
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tissue ablation and hyoidplasty, where the hyoid bone is cut 
into several segments and attached to a brace that widens the 
angle of the U-shaped hyoid bone. The latter procedure has 
been used in dogs to increase the pharyngeal airway lumen 
at the level of the hyoid bone. The canine hyoid bone, 
however, is unlike a human hyoid bone because the canine 
hyoid bone comprises nine separate and jointed bones, while 
the human hyoid bone comprises five bones that are typi 
cally fused together. 

0019. Notwithstanding the foregoing, there remains a 
need for improved methods and devices for treating obstruc 
tive sleep apnea. 

SUMMARY OF THE INVENTION 

0020 Methods and devices for manipulating soft tissue 
are provided. A tissue-engaging member is used to engage a 
region of soft tissue. The tissue-engaging member is 
attached to another site that is less mobile than the soft-tissue 
engaged by the tissue-engaging member. The less mobile 
site may be a bone or connective tissue attached to bone. 
0021. In further embodiments, methods and devices are 
disclosed for manipulating the tongue. An implant is posi 
tioned within at least a portion of the tongue and may be 
secured to other Surrounding structures such as the mandible 
and/or hyoid bone. In general, the implant is manipulated to 
displace at least a portion of the posterior tongue in an 
anterior or lateral direction, or to alter the tissue tension or 
compliance of the tongue. 

0022. In one embodiment of the invention, a method for 
treating a patient is provided, comprising the steps of 
providing a tongue remodeling system, the system compris 
ing at least one tether Support and at least one tongue 
element, the at least one tongue element having at least one 
anchor joined to at least one tether, accessing a region about 
the mandible; inserting the at least one anchor through a first 
pathway along the region about the mandible to a tongue: 
attaching at least one tether of the at least one tongue 
element to at least one tether Support; positioning at least one 
tether Support against the Surface of the mandible; and fixing 
the at least one tether to the at least one tether support. The 
term 'glossoplasty', as used herein, shall be given its 
ordinary meaning and shall also mean any change in the 
configuration and/or characteristics of the tongue and is also 
used interchangeably with the term "tongue remodeling’. In 
Some embodiments, at least a portion of the first pathway 
passes through the mandible. The method may further 
comprise the step of adjusting the tension of the at least one 
tether. The step of adjusting the tension of the at least one 
tether may comprise decreasing the tension or increasing the 
tension. In some instances, the at least one tether Support of 
the providing step comprises an adjustable tether tension 
interface. In one embodiment, the method further comprises 
the steps of accessing the adjustable tether tension interface; 
and adjusting the tension of the at least one tether. In some 
embodiments, the first anchor of the providing step may 
comprise a wire coil, a T-tag, a polymer plug, or a fibrous or 
porous polymer plug. The first anchor of the providing step 
may also comprise a slotted tube having a distal end, a 
proximal end, and a plurality of expandable middle bands 
between the distal end and proximal end. The first tether may 
be secured to the distal end of the slotted tube or the 
proximal end of the slotted tube. In one embodiment, the 
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slotted tube of the providing step may be self-expandable or 
expandable by shortening the slotted tube along its longi 
tudinal length. The method may also further comprise the 
step of pulling the first tether to expand the slotted tube. 

0023. In embodiment of the invention, another method 
for treating a patient is provided, comprising the steps of 
providing a patient with an implanted adjustable tongue 
remodeling system, comprising an adjustment assembly and 
one or more tongue elements inserted through the tongue: 
wherein at least one tongue element comprises an anchor 
and a tether secured to the adjustment assembly at a securing 
point on the adjustment assembly; accessing the adjustment 
assembly; and adjusting the tension of one or more tongue 
elements by manipulating the adjustment assembly. The 
adjusting step may comprise altering the relative configu 
ration of the adjustment assembly, moving the securing point 
relative to the adjustment assembly, releasing the tether from 
the adjustment assembly and resecuring the tether to the 
adjustment assembly, or altering the length of the tether. 

0024. In another embodiment, a method for treating a 
patient is provided, comprising the steps of providing a 
patient with an implanted tongue remodeling system com 
prising one or more tongue elements inserted through the 
tongue; wherein at least one tongue element comprises a first 
tissue anchor implanted within the tongue and a tether 
attached to the first tissue anchor, accessing the at least one 
tongue element; and withdrawing the tissue anchor from the 
tongue. The method may further comprise the step of 
deforming the tissue anchor. 
0025. In another embodiment, a method for treating a 
patient comprises engaging a first portion of the tongue and 
attaching said portion of the tongue to a bone using a tension 
element having a variable length, wherein the variable 
length of the tension element varies with the tension of the 
tension element. 

0026. In one embodiment, the invention comprises a 
method for treating a patient, the method comprises com 
pressing tongue tissue, said compression being conducted by 
inserting a spiral structure into the tongue tissue. The spiral 
structure may comprise at least one tissue engagement 
Structure. 

0027. In another embodiment, a method for treating a 
patient is provided, comprising changing tongue tissue com 
pliance, said change being conducted by inserting a spiral 
structure into the tongue tissue. 
0028. In still another embodiment, a method for treating 
a patient is provided, comprising engaging a first portion of 
the tongue; engaging a second portion of the tongue; and 
altering the tissue compliance at least between the first 
portion and the second portion. The step of altering tissue 
compliance may comprise increasing the tissue tension. The 
method may also further comprise altering the tissue com 
pliance about the first portion. 

0029. In another embodiment of the invention, a method 
for treating a patient is provided, comprising engaging a first 
portion of the tongue; engaging a second portion of the 
tongue; and changing the tissue compliance at least between 
the first portion and the second portion. 
0030. In another embodiment, a method for remodeling 
the tongue is provided, comprising the steps of providing a 
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rigid elongate body having a shape; defining a non-linear 
pathway through the tongue; and inserting the rigid elongate 
body through the pathway. The rigid elongate body of the 
providing step may have a linear configuration. The method 
may further comprise the step of remodeling the tongue by 
reorienting the non-linear pathway with respect to the shape 
of the elongate body. 
0031. In one embodiment, a method for remodeling the 
tongue is provided, comprising the steps of providing an 
elongate body having a first configuration and a second 
configuration; inserting the elongate body in its first con 
figuration through a pathway having a first configuration; 
and changing the elongate body from its first configuration 
to its second configuration. The method may further com 
prise the step of redistributing the tongue tissue about the 
pathway by changing the pathway to a second configuration. 
The first configuration of the pathway may be linear, non 
linear, may comprise a curve or at least one convex segment 
and at least one concave segment. 
0032. In one embodiment of the invention, an implant 
able device for manipulating Soft tissue is provided, com 
prising at least one tissue anchor, an elongate member 
attached to the at least one tissue anchor, and a securing 
assembly comprising a bony attachment structure and an 
elongate member securing structure, wherein the elongate 
member securing structure is adapted to be movable relative 
to the bony attachment structure while the elongate member 
is secured to the elongate member securing structure. The 
bony attachment structure may be adapted for insertion into 
the mandible. In some instances, the bony attachment struc 
ture has a cylindrical configuration and a threaded outer 
Surface. The securing assembly may further comprise a 
moving interface component adapted to move the elongate 
member securing structure. In some embodiments, the bony 
attachment structure comprises an internal sealable cavity 
and the elongate member securing structure comprises a 
fluid seal adapted to provide a sliding seal within the internal 
sealable cavity of the bony attachment structure. The bony 
attachment structure may further comprise a pierceable 
membrane for accessing the internal sealable cavity. The 
bony attachment structure may also comprise a threaded 
cylindrical internal cavity and the elongate member securing 
structure may comprise a cylinder having outer threads 
complementary to the threaded cylindrical internal cavity of 
the bony attachment structure and a rotatably attached 
securing interface. The bony attachment structure may also 
further comprise a longitudinal groove and the rotatably 
attached securing interface comprises a protrusion having a 
complementary configuration to the longitudinal groove of 
the bony attachment structure. The bony attachment struc 
ture may comprise an internal friction cavity and the elon 
gate member securing structure may comprise a friction 
surface configured to provide a frictional fit within the 
internal friction cavity of the bony attachment structure. In 
Some embodiments, the elongate member securing structure 
is adapted to provide a sliding frictional fit within the 
internal friction cavity of the bony attachment structure. In 
other embodiments, the elongate member securing structure 
further comprises a manipulation interface adapted to 
reversibly engage a manipulation tool. In still other embodi 
ments, the bony attachment structure comprises an internal 
tapered cavity and the elongate member securing structure 
comprises a base with at least two radially inwardly deflect 
able prongs adapted to engage the elongate member. 
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0033. In one embodiment of the invention, a device for 
manipulating the tongue is provided, comprising a variable 
pitch spiral having a first portion with a first pitch and a 
second portion with a second pitch, the spiral comprising a 
biocompatible material dimensioned to fit within a tongue. 
The first portion may have a wide pitch and the second 
portion may have a narrow pitch. In other embodiments, the 
first portion has a narrow pitch and the second portion has 
a wide pitch. 

0034. In one embodiment, a device for manipulating the 
tongue is provided, comprising an elongate member having 
a first end, a second end, an middle section between the first 
end and the second end having at least one enlarged seg 
ment, wherein the first end is adapted to attach to a bony 
structure and the second end is adapted to attach to either a 
bony structure, the first end or the middle section, and 
wherein the at least one enlarged segment is adapted for 
positioning in the tongue. In some embodiments, the at least 
one enlarged segment may be at least partially formed in situ 
in the tongue, a tissue anchor, a sleeve or a coating. 

0035) In one embodiment, a method for manipulating the 
tongue is provided, comprising the steps of providing a 
tongue implant having a first portion with a first configura 
tion and a second portion with a second configuration, the 
implant comprising a biocompatible material dimensioned 
to fit within a tongue; creating a pathway in the tongue by 
passing the first portion of the tongue implant, passing the 
second portion of the tongue implant into the pathway; and 
conforming the pathway in the tongue to the second portion 
of the tongue implant. The providing step may comprise 
providing a tongue implant that is a variable pitch spiral 
having a first portion with a first spiral pitch configuration 
and the second portion has a second spiral pitch configura 
tion. The method may further comprise the steps of com 
pressing the tissue about the pathway and/or stretching the 
tissue about the pathway. 

0036). In one embodiment, a method for treating a patient 
is provided, comprising: providing a tongue remodeling 
system, the system comprising at least one tether Support 
and at least one tongue element, the at least one tongue 
element having at least one expandable tissue anchor joined 
to at least one tether; accessing a region about the mandible; 
inserting the at least one expandable tissue anchor through 
a first pathway along the region about the mandible to a 
tongue; attaching the at least one tether of the at least one 
tongue element to the at least one tether Support; positioning 
the at least one tether Support against the mandible; and 
fixing the at least one tether support to the mandible. The 
method may further comprise expanding the at least one 
expandable tissue anchor joined to the at least one tether. 
The expandable tissue anchor of the providing step may be 
self-expandable, may comprise a plurality of expandable 
elongate members, may comprise a plurality of expandable 
elongate piercing members, or may comprise a plurality of 
expandable tissue-grasping members. The fixing step may 
be performed before the attaching step. In some embodi 
ments, at least a portion of the first pathway may pass 
through the mandible. 

0037. In another embodiment, a method for treating a 
patient is provided, comprising: providing a tongue element 
having an attachment end and an expandable tissue-anchor 
ing end; inserting the expandable tissue-anchoring end into 
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the tongue; and securing the attachment end of the tongue 
element to a body structure. The securing of the attachment 
end of the tongue element to the body structure may be 
performed with an adjustment assembly. The adjustment 
assembly may comprise a moving part, a non-moving part 
and a movement interface between the moving part and the 
non-moving part. The expandable tissue-anchoring end may 
comprise one or more tissue-grasping members. The 
expandable tissue-anchoring end may comprise at least two 
tissue-piercing members. In some embodiments, one or 
more tissue-grasping members may be metallic, and/or may 
be radially expandable elongate members. The expandable 
tissue-anchoring end of the providing step may comprise a 
wire coil, a T-tag, an expandable polymer plug, and/or a 
fibrous or porous expandable polymer plug. The expandable 
tissue-anchoring end may comprise a slotted tube having a 
distal end, a proximal end, and a plurality of expandable 
middle bands between the distal end and proximal end. The 
at least one tether may be secured to the distal end of the 
slotted tube the proximal end of the slotted tube. The slotted 
tube of the providing step may be self-expandable. The 
slotted tube may be expandable by shortening the slotted 
tube along its longitudinal length. The method may further 
comprise the step of pulling the at least one tether to expand 
the slotted tube. 

0038. In another embodiment, a method for treating a 
patient is provided, comprising: accessing a tissue anchor 
implanted in a tongue, the tissue anchor having a deploy 
ment configuration and a removal configuration; deforming 
the tissue anchor to the removal configuration; and with 
drawing the tissue anchor from the tongue. The tissue anchor 
may further comprise a proximal tether. The method may 
further comprise exposing the proximal tether. Accessing the 
tissue anchor implanted in the tongue may comprise passing 
a tubular member along the proximal tether, the tubular 
member comprising a distal opening, a proximal opening 
and a lumen therebetween. Deforming the tissue anchor to 
the removal configuration may comprise collapsing the 
tissue anchor into the lumen of the tubular member. With 
drawing the tissue anchor from the tongue may comprise 
withdrawing the tubular member from the tongue. The 
tubular member may further comprise a longitudinal slot 
contiguous with the lumen of the tubular member. The 
longitudinal slot of the tubular member may be contiguous 
with the distal opening of the tubular member. The tubular 
member further may comprise a movable slot blocking 
member capable of blocking the distal portion of the longi 
tudinal slot of the tubular member. The movable slot block 
ing member may be a slidable slot blocking member or a 
rotatable slot blocking member. The movable slot blocking 
member may be located within the lumen of the tubular 
member. 

0039. In one embodiment, a method for treating a patient 
is provided, comprising: providing a tongue remodeling 
system, the system comprising at least one tether Support 
and at least one tongue element, the at least one tongue 
element having at least one tissue engaging structure joined 
to at least one tether having a length and a tension; accessing 
a region about the mandible; positioning the tissue engaging 
structure within a tongue; and attaching the at least one 
tether support to the mandible; wherein the at least one tether 
of the at least one tongue element may be attached to the at 
least one tether support, the at least one tether Support 
comprising an adjustable tether interface. The method may 
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further comprise: accessing the adjustable tether interface; 
and adjusting the length of the at least one tether between the 
tissue engaging structure and the adjustable tether interface. 
Adjusting the length of the at least one tether may comprise 
decreasing the tension of the at least one tether, increasing 
the tension of the at least one tether, or adjusting the 
dynamic response of the at least one tether. The at least one 
tether of the at least one tongue element may be releasably 
attached to the at least one tether Support. 
0040. In another embodiment, a method for treating a 
patient is provided, comprising: accessing an adjustment 
assembly of a patient with an implanted adjustable tongue 
remodeling system comprising the adjustment assembly and 
one or more tongue elements inserted through the tongue: 
wherein at least one tongue element may comprise an anchor 
and a tether secured to the adjustment assembly at a securing 
point on the adjustment assembly; and adjusting one or more 
tongue elements by manipulating the adjustment assembly. 
Said adjusting may comprise altering the relative configu 
ration of the adjustment assembly, moving the securing point 
of the adjustment assembly and/or altering the length of the 
tether between the anchor and the securing point of the 
adjustment assembly. Said adjusting may be performed 
without unsecuring the tether from the securing point of the 
adjustment assembly. The may further comprise securing the 
adjustment assembly to a mandible. The adjustment assem 
bly may comprise a rotational component. The rotational 
component may comprise a spool. 

0041. In another embodiment, a method for treating a 
patient is provided, comprising: providing a tongue element 
having an attachment end and a tissue-engaging end; insert 
ing the tissue-engaging end into the tongue; and securing the 
attachment end of the tongue element to a body structure 
using an adjustment assembly. The tongue element may 
comprise a tether having a length between the tissue 
engaging end and the adjustment assembly, wherein the 
length is adjustable by the adjustment assembly. The adjust 
ment assembly may be a rotation assembly, a spool assem 
bly, a helical assembly, a slide assembly, a pivot assembly, 
or a combination thereof. The patients tongue may be 
engaged with a tissue engaging structure attached about the 
first portion of the tether, or a tissue anchor that pierces 
through tongue tissue. Tension between the first and second 
portions of the tether may be adjustable while the first 
portion of the tether remains engaged with the patients 
tongue and the second portion of the tether remains attached 
relative to the body structure. The body structure may be the 
mandible. The attachment end of the tongue element may be 
secured through a bone screw. The adjustment assembly 
may comprise a moving part, a non-moving part and a 
movement interface between the moving part and the non 
moving part. The adjustment assembly may comprise a 
positionable tongue element attachment site. The adjustment 
assembly may comprise a locking member. 

0042. In another embodiment, a method for manipulating 
Soft tissue is provided, comprising: accessing an adjustment 
structure attached to at least one tissue anchor by a connec 
tor, the at least one tissue anchor engaging the Soft tissue and 
the adjustment structure being fixed relative to a body 
structure, the connector having a length between the at least 
one tissue anchor and the adjustment structure; and changing 
the length of the connector between the at least one tissue 
anchor and the adjustment structure by manipulating the 
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adjustment structure without detaching the at least one tissue 
anchor from the adjustment structure. The tissue anchor may 
be at least partially located within the tongue. The adjust 
ment structure may be fixed relative to a mandible. The 
tissue anchor may be at least partially located within the soft 
palate. The adjustment structure may be fixed relative to a 
hard palate. 
0043. In one embodiment, an implantable device for 
manipulating soft tissue is provided, comprising: at least one 
tissue engaging structure; an elongate member attached to 
the at least one tissue anchor, and a securing assembly 
comprising a bony attachment structure and a movable 
securing member, wherein the movable securing member 
may be adapted to be movable relative to the bony attach 
ment structure while the elongate member may be secured to 
the movable securing member. The tissue engaging structure 
may be an anchor adapted to pierce the Soft tissue. The 
movable securing member may be rotatable, slidable, and/or 
pivotable. The movable securing member may be a rotatable 
hub, or a spool. The bony attachment structure may be 
adapted for attachment to the mandible and/or for insertion 
into the mandible. The bony attachment structure has a 
cylindrical configuration and a threaded outer Surface. The 
securing assembly further may comprise a moving interface 
component adapted to move the movable securing member. 
The bony attachment structure may comprise an internal 
sealable cavity and the movable securing member may 
comprise a fluid seal adapted to provide a sliding seal within 
the internal sealable cavity of the bony attachment structure. 
The bony attachment structure may further comprise a 
pierceable membrane for accessing the internal sealable 
cavity. The bony attachment structure may comprise a 
threaded cylindrical internal cavity and the movable secur 
ing member may comprise a cylinder having outer threads 
complementary to the threaded cylindrical internal cavity of 
the bony attachment structure and a rotatably attached 
securing interface. The bony attachment structure further 
may comprise a longitudinal groove and the rotatably 
attached securing interface may comprise a protrusion hav 
ing a complementary configuration to the longitudinal 
groove of the bony attachment structure. The bony attach 
ment structure may comprise an internal friction cavity and 
the movable securing member may comprise a friction 
surface configured to provide a frictional fit within the 
internal friction cavity of the bony attachment structure. The 
movable securing member may be adapted to provide a 
sliding frictional fit within the internal friction cavity of the 
bony attachment structure. The movable securing member 
further may comprise a manipulation interface adapted to 
reversibly engage a manipulation tool. The bony attachment 
structure may comprise an internal tapered cavity and the 
movable securing member may comprise a base with at least 
two radially inwardly deflectable prongs adapted to engage 
the elongate member. 
0044) In another embodiment, an implantable device for 
manipulating soft tissue is provided, comprising: at least one 
tissue anchor, an elongate member attached to the at least 
one tissue anchor, and a securing assembly comprising a 
bony attachment structure and a rotational securing struc 
ture. The rotational securing structure may be a spool. 
0045. In another embodiment, a device for manipulating 
the tongue is provided, comprising a variable pitch spiral 
having a first portion with a first pitch and a second portion 
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with a second pitch, the spiral comprising a biocompatible 
material dimensioned to fit within a tongue. The first portion 
may have a wide pitch and the second portion has a narrow 
pitch, or the first portion may have a narrow pitch and the 
second portion has a wide pitch. 

0046. In another embodiment, an implantable device for 
manipulating soft tissue is provided, comprising: at least one 
tissue anchor; a securing assembly comprising a bony 
attachment structure; an elongate member attached to the at 
least one tissue anchor and having a length between the at 
least one tissue anchor and the securing assembly; and a 
means for adjusting the length of the elongate member. The 
securing assembly may further comprise the means for 
adjusting the length of the elongate member. 

0047. In another embodiment, a tissue anchoring system 
for engaging soft tissue is provided, comprising: at least one 
deformable hook element, the at least one hook element 
comprising an elongate body having a proximal portion and 
a sharp distal end, wherein the at least one hook element 
when unrestrained curls to form an arcuate structure; and a 
tether attached about the proximal portion of the at least one 
hook element. The at least one deformable hook element 
may be a plurality of deformable hook elements. The 
plurality of deformable hook elements may be arranged 
circumferentially, or in a generally planar configuration. The 
hook elements when unrestrained may curl back toward 
themselves to form a loop-like structure. The tissue anchor 
ing system may further comprise a band about the proximal 
portions of the hook elements. The tissue anchoring system 
may further comprise a proximal group of hook elements 
and a distal group of hook elements. The hook elements may 
comprise symmetrical U-shaped planar structures with sharp 
distal tips on each end. The tissue anchoring system may 
further comprise a delivery device having a lumen adapted 
to receive and restrain the hook elements in a generally 
linear configuration, wherein the hook elements when 
advanced out of the delivery device curl back toward 
themselves to engage tissue. 

0.048. In another embodiment, a tissue anchoring system 
for engaging soft tissue is provided, comprising: at least one 
means for expandable curled tissue engagement; and a tether 
attached to the at least one means for expandable curled 
tissue engagement. 

0049. In another embodiment, a tissue anchoring system 
for engaging soft tissue is provided, comprising: a plurality 
of deformable hook elements spaced circumferentially about 
each other, each of the hook element comprising an elongate 
body having a proximal portion and a sharp distal end, 
wherein the hook elements when unrestrained curls to form 
an arcuate structure; and a tether attached about the proximal 
portion of the hook elements. The plurality of deformable 
hook elements may comprise at least two pairs of deform 
able hooks elements joined together about the proximal 
portions of their elongate bodies. The at least two pairs of 
deformable hook elements may be joined proximally by a 
band. The at least two pairs of deformable hook elements 
may comprise four pairs of deformable hook elements. The 
at least two pairs of deformable hook elements may be 
arranged circumferentially, or in a generally planar configu 
ration. The generally planar configuration may be a gener 
ally planar nested configuration or a generally planar stacked 
configuration. 
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0050. In one embodiment, a method for treating a patient 
is provided, comprising: providing a palate remodeling 
system, the system comprising at least one tether Support 
and at least one palate element, the at least one palate 
element having at least one expandable tissue anchor joined 
to at least one tether, accessing a region about a hard palate; 
inserting the at least one expandable tissue anchor through 
a first pathway along the region about the hard palate to a 
Soft palate; attaching the at least one tether of the at least one 
palate element to the at least one tether Support; positioning 
the at least one tether Support about the hard palate; and 
fixing the at least one tether support about the hard palate. 
Fixing the at least one tether support about the hard palate 
may comprise fixing the at least one tether Support to the 
hard palate, or to mucosal tissue overlying the hard palate. 
0051. In another embodiment, a method for treating a 
patient is provided, comprising: providing a soft palate 
element having an attachment end and an expandable tissue 
anchoring end; inserting the expandable tissue-anchoring 
end into the soft palate; securing the attachment end of the 
palate element to a body structure. The body structure may 
be a palatine bone, a hard palate, or a nasal turbinate. 
0052. In another embodiment, a method for treating a 
patient is provided, comprising: accessing a tissue anchor 
implanted in a soft palate, the tissue anchor having a 
deployment configuration and a removal configuration; 
deforming the tissue anchor to the removal configuration; 
and withdrawing the tissue anchor from the soft palate. 
0053. In still another embodiment, a method for treating 
a patient is provided, comprising: accessing an adjustment 
assembly of a patient with an implanted adjustable soft 
palate remodeling system comprising the adjustment assem 
bly and one or more soft palate elements inserted into the 
Soft palate; wherein at least one soft palate element may 
comprise an anchor and a tether secured to the adjustment 
assembly at a securing point on the adjustment assembly: 
and adjusting one or more soft palate elements by manipu 
lating the adjustment assembly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0054 The structure and method of using the invention 
will be better understood with the following detailed 
description of embodiments of the invention, along with the 
accompanying illustrations, in which: 
0055 FIG. 1 is a schematic sagittal view of the pharynx. 
0056 FIG. 2 is a schematic elevational view of one 
embodiment of a tongue element. 
0057 FIGS. 3A and 3B illustrate anterior and side 
elevational views of one embodiment of a mandible securing 
assembly. 
0.058 FIGS. 4A through 4D are cross sectional views 
through the oropharynx and mandible depicting implanta 
tion of one embodiment of the invention. 

0059 FIGS. 5A through 5C are cross sectional views 
through the oropharynx and mandible depicting another 
embodiment of the invention wherein the tongue elements 
are engaged to the lateral portions of the mandible. 
0060 FIGS. 6A and 6B are cross sectional views 
through the oropharynx and mandible illustrating another 
embodiment of the invention comprising a dual-anchor 
device. 
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0061 FIGS. 7A through 7F are cross sectional views 
through the oropharynx and mandible depicting transman 
dibular implantation of one embodiment of the invention. 
0062 FIGS. 7G through 7J are schematic cross sec 
tional views depicting the removal of an embodiment of the 
invention. FIGS. 71 and 7J are detailed views of the distal 
anchors and removal tool in FIGS. 7G and 7H. 

0063 FIGS. 8A and 8B depict one embodiment of the 
invention comprising a glossoplasty device with a T-shaped 
tissue anchor. 

0064 FIGS. 9A and 9B depict one embodiment of the 
invention comprising a glossoplasty device with a spiral 
tissue anchor. 

0065 FIGS. 10A and 10B depict one embodiment of the 
invention comprising a glossoplasty device with a flat 
pronged tissue anchor. 
0.066 FIG. 11 illustrates one embodiment of the inven 
tion comprising a glossoplasty device with a pointed prong 
tissue anchor. 

0067 FIG. 12 illustrates one embodiment of the inven 
tion comprising a glossoplasty device with a dual pointed 
prong tissue anchor. 
0068 FIG. 13 illustrates another embodiment of the 
invention comprising a glossoplasty device with an umbrella 
tissue anchor. 

0069 FIGS. 14A and 14B depict embodiments of the 
invention comprising a distal anchor having a foam plug and 
T-tag core. The foam plug fully encapsulates the T-tag in 
FIG. 14A and partially encapsulates the T-tag in FIG. 14B. 
0070 FIGS. 15A through 15C depict another embodi 
ment of the invention comprising a glossoplasty device with 
a radially expandable slotted tissue anchor. 
0071 FIG. 16 depicts one embodiment of the invention 
where the proximal end of the tissue anchor comprises barbs 
for engaging tissue. 
0072 FIGS. 17A and 17B depict another embodiment of 
the invention comprising a glossoplasty device with a dual 
radially expandable slotted tissue anchor. 

0073 FIGS. 18A and 18B depict another embodiment 
the invention comprising a radially expandable tissue anchor 
before and after expansion. 

0074 FIG. 19 depicts still another embodiment the 
invention comprising a radially expandable tissue anchor. 

0075 FIG. 20 depicts still another embodiment the 
invention comprising a radially expandable tissue anchor 
with barbs. 

0076 FIGS. 21A and 21B depict another embodiment 
the invention comprising a radially expandable tissue anchor 
before and after expansion. 

0077 FIGS. 22A and 22B depict another embodiment 
the invention comprising a radially expandable tissue anchor 
before and after expansion. 

0078 FIGS. 23A and 23B depict one embodiment the 
invention comprising a splayed tissue anchor before and 
after expansion. 
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0079 FIGS. 24A and 24B depict one embodiment the 
invention comprising a dual splayed tissue anchor before 
and after expansion. 

0080 FIGS. 25A through 25C illustrate one embodi 
ment of the invention comprising an in situ formed anchor 
or plug. 

0081 FIGS. 26A through 26D illustrate one embodi 
ment of the invention comprising a fillable anchor or plug. 
0082 FIG. 27 represents one embodiment of the inven 
tion comprising an elastomeric tether. 
0083 FIG. 28 represents one embodiment of the inven 
tion comprising a wound wire. 
0084 FIG. 29 represents one embodiment of the inven 
tion comprising a spring coil. 

0085 FIG. 30 represents one embodiment of the inven 
tion comprising one-sided pneumatic tension assembly. 

0.086 FIG. 31 represents another embodiment of the 
invention comprising two-sided pneumatic tension assem 
bly. 

0087 FIG. 32 represents one embodiment of the inven 
tion comprising a beaded tether. 

0088 FIG. 33 represents one embodiment of the inven 
tion comprising a barbed tether. 

0089 FIG. 34 depicts one embodiment of a tether having 
a serial arrangement of anchors. 

0090 FIG. 35 illustrates one embodiment of a branched 
tether with anchors. 

0091 FIG. 36 depicts a tether having two proximal ends. 

0092 FIG. 37 is a cross sectional view of one embodi 
ment of the invention comprising a tether loop with an 
enlarged section. 

0093 FIG. 38 is a cross sectional view of one embodi 
ment of the invention comprising a tether loop with tissue 
anchors along the tether loop. 

0094 FIG. 39 illustrates one embodiment of the inven 
tion comprising a mandible securing assembly with a lumen. 

0.095 FIGS. 40A through 40C represents one embodi 
ment of the invention comprising a mandible securing 
assembly with a clipping interface. 

0.096 FIGS. 41A and 41B illustrate one embodiment of 
the invention comprising a mandible securing assembly with 
a tether securing bolt. 

0097 FIGS. 42A through 42D illustrate one embodi 
ment of the invention comprising an adjustable mandible 
securing assembly with a non-rotating tether interface. 

0.098 FIGS. 43A through 43E illustrate another 
embodiment of the invention comprising a keyed tether 
interface. 

0099 FIGS. 44A and 4.4B illustrate an embodiment of 
an adjustable mandible securing assembly with a keyed 
interface usable with the keyed tether interface in FIGS. 
41A through 41E. 
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0100 FIGS. 45A and 45B are cross sectional views of 
the adjustable mandible securing assembly of FIGS. 42A 
and 42B before and after an adjustment. 
0101 FIGS. 46A and 46B illustrate an embodiment of 
an adjustable mandible securing assembly with a keyed 
interface. 

0102 FIGS. 47A through 47D illustrate an embodiment 
of an adjustable mandible securing assembly with a pierce 
able membrane. 

0103 FIGS. 48A and 48B illustrate an embodiment of a 
mandible securing assembly with a resistance plug. 
0104 FIGS. 49A through 49D illustrate an embodiment 
of a mandible securing assembly usable with a beaded tether. 
0105 FIGS.50A through 50F illustrate another embodi 
ment of a mandible securing assembly comprising an inner 
resistance surface and tether interface. 

0106 FIGS. 51A through 51E illustrate another 
embodiment of a mandible securing assembly comprising an 
expandable tether interface. 
0107 FIGS. 52A through 52F represent one embodi 
ment of the invention comprising a rigid tongue splint. 
0108 FIGS. 53A and 53B represent another embodi 
ment of the invention comprising a semi-rigid tongue splint. 
0109 FIGS. 54A and 54B represent one embodiment of 
the invention comprising a variable pitch tissue compression 
SCCW. 

0110 FIGS. 55A and 55B represent another embodiment 
of the invention comprising a tissue compression coil. 
0111 FIG. 56 represents another embodiment of the 
invention comprising a barbed tissue compression coil. 
0112 FIG. 57 represents another embodiment of the 
invention comprising a barbed tissue compression coil posi 
tioned on an implantation needle. 
0113 FIG. 58 represents another embodiment of the 
invention comprising a barbed tissue compression coil posi 
tioned on a fitted groove implantation needle. 
0114 FIGS. 59A and 59B represent one embodiment of 
the invention for implantation of a tissue compression coil. 
0115 FIGS. 60A and 60B are perspective views of 
another embodiment of a distal anchor in the delivery and 
deployed configurations, respectively. FIGS. 60C and 60D 
are rear and frontal views of the distal anchor in FIG. 60B. 
FIG. 60E depicts a subcomponent of the distal anchor in 
FIGS. 60B to 60D. FIG. 60F illustrates a tether looped 
through the distal anchor and FIG. 60G illustrates the tether 
knotted to the distal anchor and the tether ends attached to 
a securing assembly. 

0116 FIGS. 61A and 61B are inferior and superior 
perspective views of another embodiment of the securing 
assembly, respectively. FIG. 61C is an exploded superior 
perspective view of the securing assembly in FIG. 61B. 
FIGS. 61D to 61F are inferior, superior and side elevational 
views of the securing assembly, respectively. FIGS. 61G is 
a side elevational isolation view of the spool assembly. FIG. 
61H and 61 I are a longitudinal cross sectional views of the 
securing assembly in FIG. 61F in the locked and rotation 
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configurations, respectively. FIGS. 61J and 61K illustrate 
an implanted distal anchor and securing assembly before and 
during adjustment of the securing assembly, respectively. 

0.117 FIG. 62A is a superior isometric view of one 
embodiment of a delivery tool system with a partial cut 
away of the delivery tube of the delivery tool. FIGS. 62B 
and 62C are left elevational views of the delivery tool 
without the delivery tool housing and delivery tube in the 
loaded and deployed configurations, respectively. FIG. 62D 
is an exploded view of the actuator handle and safety lock 
of the delivery tool. 
0118 FIGS. 63A and 63B are perspective and exploded 
views, respectively, of one embodiment of a palate anchor. 
0119 FIGS. 64A to 64D are axial cross sectional views 
of various embodiments of a delivery tube of the delivery 
tool for the palate anchor in FIG. 64A. 
0120 FIG. 65 is a perspective view of a push rod for the 
palate anchor in FIG. 64A. 
0121 FIG. 66 is a schematic sagittal cross sectional view 
of the implantation of a palate anchor through the oral 
cavity. 

0.122 FIG. 67 is a schematic sagittal cross sectional view 
of the implantation of a palate anchor through the nasal 
cavity. 

0123 FIG. 68 is a schematic sagittal cross sectional view 
of the soft and hard palate with a palate anchor anchored to 
the hard palate. 
0.124 FIG. 69 is a schematic sagittal cross sectional view 
of the soft and hard palate with a palate anchor anchored to 
the mucosal tissue overlying the hard palate. 

0.125 FIG.70A is a perspective view of one embodiment 
of a recapture tool. FIG. 70B is an exploded view of the 
recapture tool in FIG.70A. FIG.70C is a superior exploded 
view of the distal end of the recapture tool. FIG. 70D is an 
axial cross sectional view of the recapture tool in the open 
position as identified in FIG. 70A. FIG. 70E is an axial 
cross sectional view of the recapture tool in the closed 
position 

0126 FIGS. 71A to 711 are schematic views of one 
embodiment for recapturing an implanted anchor. FIG. 71C 
is a detailed view of FIG. 71B. F.G. 71E is a detailed view 
of FIG. 71D. 

0.127 FIG. 72 illustrates another embodiment of a recap 
ture tool with a circumferentially closed distal end. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

A. Anatomy of the Pharynx 

0.128 FIG. 1 is a sagittal view of the structures that 
comprise the pharyngeal airway and may be involved in 
obstructive sleep apnea. The pharynx is divided, from Supe 
rior to inferior, into the nasopharynx 1, the oropharynx 2 and 
the hypopharynx 3. The nasopharynx 1 is a less common 
source of obstruction in OSA. The nasopharynx is the 
portion of the pharynx above the soft palate 4. In the 
nasopharynx, a deviated nasal septum 5 or enlarged nasal 
turbinates 6 may occasionally contribute to upper airway 
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resistance or blockage. Only rarely, a nasal mass. Such as a 
polyp, cyst or tumor may be a source of obstruction. 
0129. The oropharynx 2 comprises structures from the 
soft palate 4 to the upper border of the epiglottis 7 and 
includes the hard palate 8, tongue 9, tonsils 10, palatoglossal 
arch 11, the posterior pharyngeal wall 12 and the mandible 
13. The mandible typically has a bone thickness of about 5 
mm to about 10 mm anteriorly with similar thicknesses 
laterally. An obstruction in the oropharynx 2 may result 
when the tongue 9 is displaced posteriorly during sleep as a 
consequence of reduced muscle activity during REM sleep. 
The displaced tongue 9 may push the soft palate 4 posteri 
orly and may seal off the nasopharynx 1 from the orophar 
ynx 2. The tongue 9 may also contact the posterior pharyn 
geal wall 12, which causes further airway obstruction. 
0130. The hypopharynx 3 comprises the region from the 
upper border of the epiglottis 7 to the inferior border of the 
cricoid cartilage 14. The hypopharynx 3 further comprises 
the hyoid bone 15, a U-shaped, free floating bone that does 
not articulate with any other bone. The hyoid bone 15 is 
attached to Surrounding structures by various muscles and 
connective tissues. The hyoid bone 15 lies inferior to the 
tongue 9 and superior to the thyroid cartilage 16. A thyro 
hyoid membrane 17 and a thyrohyoid muscle 18 attaches to 
the inferior border of the hyoid 15 and the Superior border 
of the thyroid cartilage 16. The epiglottis 7 is infero 
posterior to the hyoid bone 15 and attaches to the hyoid bone 
by a median hyoepiglottic ligament 19. The hyoid bone 
attaches anteriorly to the infero-posterior aspect of the 
mandible 13 by the geniohyoid muscle 20. 
B. Tongue Remodeling 
0131 Embodiments of the present invention provide 
methods and devices for manipulating the airway. It is 
hypothesized that the laxity in pharyngeal structures con 
tributes to the pathophysiology of obstructive sleep apnea, 
Snoring, upper airway resistance and sleep disordered 
breathing. This laxity may be intrinsic to the oropharyngeal 
structures and/or may be affected by interrelationships 
between pharyngeal structures and other body structures. 
For example, in some studies, the cure rates in selected 
patients undergoing UPPP is as low as 5% to 10%. (Sher AE 
et al., “The efficacy of surgical modifications of the upper 
airway in adults with obstructive sleep apnea syndrome' 
Sleep, 1996 February:19(2):156-77, herein incorporated by 
reference). These low cure rates may be affected by contin 
ued occlusion of the airway by structures unaffected by the 
Surgery, such as the tongue. By biasing at least a portion of 
the posterior tongue or base of the tongue in at least a 
generally anterior and/or lateral direction, functional occlu 
sion of the oropharynx may be prevented or reduced. Typi 
cally, this bias may be created by altering a distance or 
tension between a location in the tongue and an anchoring 
site, such as the mandible. In other instances, the bias may 
be created by altering the length or amount of a structure 
located in the tongue. In some instances, the bias provided 
to the tongue may only affect the mechanical characteristics 
tongue during tongue movement or in specific positions or 
situations. Thus, the dynamic response of the tongue tissue 
to mechanical forces or conditions may or may not occur 
with static changes, although static changes typically will 
affect the dynamic response of the tongue tissue. The 
embodiments of the invention described herein, however, 
are not limited to this hypothesis. 
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0.132. Although surgical and non-surgical techniques for 
biasing the tongue anteriorly are currently available, these 
techniques suffer from several limitations. For example, the 
Repose(R) system (InfluENTR) Medical, New Hampshire) 
utilizes a bone screw attached to the lingual cortex of the 
mandible and a proline Suture looped through the posterior 
tongue and bone screw, where the Suture ends are tied 
together at Some point along the Suture loop to prevent 
posterior tongue displacement. In one study of 43 patients, 
four patients developed infections of the floor of the mouth 
and required antibiotics. One patient developed dehydration 
caused by painful Swallowing, requiring intravenous fluids, 
and another patient developed delayed GI bleeding requiring 
hospitalization. (Woodson BT, "Atongue Suspension Suture 
for obstructive sleep apnea and snorers, Otolaryngol Head 
Neck Surg. 2001 March; 124(3):297-303). In another study 
of 19 patients undergoing combined UPPP and ReposeR) 
implantation, two patients developed Submandibular infec 
tion requiring antibiotics, and one patient developed a 
hematoma in the floor of the mouth requiring drainage. In 
addition, one patient extruded the suture four weeks after 
implantation and another patient developed a persistent 
lumpf globus sensation at the base of the tongue requiring 
removal of the Repose R system. (Miller F R et al., “Role of 
the tongue base suspension suture with The Repose R. Sys 
tem bone screw in the multilevel Surgical management of 
obstructive sleep apnea. Otolaryngol Head Neck Surg. 
2002 April;126(4):392-8). 
0.133 By developing a tongue remodeling system that 
can be adjusted before, during and/or after the initial implan 
tation procedure, a device and method for treating a patient 
with breathing problems may be better tolerated and less 
prone to treatment failure. For example, by adjusting the 
tension or bias of the implant, Suture migration, Suture 
extrusion, and/or dysphagia may be avoided or corrected. In 
another embodiment of the invention, the tongue remodeling 
system alters the structural characteristics of the tongue with 
an anterior or lateral bias force rather than a fixed length 
anchoring of the tongue to a body structure. This bias may 
reduce dysphagia or odynophagia associated with existing 
tongue Suspension devices and procedures. In other embodi 
ments, the tongue may be remodeled by altering the tissue 
compliance of at least a portion of the tongue. By inserting 
a prosthesis into the tongue tissue, tongue tissue compliance 
is changed and may alter the tongue response to forces 
acting during obstructive sleep apnea. The change in com 
pliance may or may not be associated with a change in the 
position of the tongue. In some instances, embodiments of 
the tongue remodeling system can be implanted through an 
antero-inferior access site of the mandible. Implantation of 
the system that avoids the transoral route may improve 
infection rates that occur with other tongue related devices 
and procedures. 
C. Tissue Anchor 

0.134. In one embodiment, depicted in FIGS. 2, 3A and 
3B, the invention comprises a tongue remodeling system 
having one or more tongue elements 22 and at least one 
securing assembly 24. As depicted in FIG. 2, at least one 
tongue element 22 comprises a distal tissue anchor 26 
attached to a proximal tether 28. The distal anchor 26 
typically is a soft tissue anchor adapted for implantation 
within the tongue 9. The soft tissue anchor 26 may comprise 
any of a variety of structures capable of engaging the 
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Surrounding tissue. These structures may have pointed, 
sharp or blunt tissue engagement structures 30. In some 
instances, the distal anchor 26 has a first reduced diameter 
configuration for delivery into the tongue tissue and a 
second expanded diameter configuration for engaging the 
Surrounding tissue. In other embodiments, the distal anchor 
26 has a fixed configuration. 
0135 The securing assembly 24 is configured to provide 
a stable position about the mandible 13 or other structure 
adjacent to the mandible 13 and comprises one or more 
securing interfaces 32 to which one or more proximal tethers 
28 may be secured. In some embodiments, the securing 
assembly 24 may comprise a bone anchor or bone screw, a 
clip, or a staple for attaching the proximal tether 28 to the 
bone. In other embodiments, as illustrated in FIGS. 3A and 
3B, the securing interface 32 may provide a friction fit or 
mechanical interfit with the proximal tether 28 that may be 
reversed or altered without disengaging or loosening the 
securing assembly 24 from the bone. The securing assembly 
in turn is attached to the bone using bone screws or anchors 
34. In some embodiments, the friction fit or mechanical 
interfit is adjustable in one direction. In other embodiments, 
the friction fit or mechanical interfit is capable of bidirec 
tional adjustment. In some embodiments, the proximal tether 
28 and the securing assembly 24 may be integrated together. 
Various embodiments of the securing assembly 24 are 
described in further detail below. Preferably, the remodeling 
system comprises one securing assembly 24 and one to three 
tongue elements 22, but one skilled in the art may select 
other combinations of securing assemblies and tongue ele 
ments, depending upon the patients anatomy and the 
desired result. 

0136. By implanting one or more tongue elements 22 
within the tongue 9, creating tension in the proximal tethers 
28, and attaching the proximal tethers 28 to a securing 
assembly 24 located peripherally to the distal anchors 26, a 
directional bias may be created in the tongue 9 to resist 
posterior displacement. There need not be continuous ten 
sion present in the proximal tethers 28. In some embodi 
ments, tension is generated in one or more proximal tethers 
28 only when the tongue 9 has been displaced a particular 
distance and/or a range of directions. The peripheral site of 
the securing assembly is typically located about an anterior 
portion of the mandible 13 and may involve the external, 
internal or inferior surface of the mandible 13 or a combi 
nation of these Surfaces. In some embodiments, a lateral or 
anterolateral location about the mandible 13 may be used. 
0137 FIGS. 4A to 4D depict one embodiment of the 
invention where the tongue elements 22 are inserted into the 
tongue 9 through an insertion site inferior to the mandible 
13, preferably but not always about the anterior portion of 
the mandible 13. In other embodiments, the implantation 
pathway may originate from a location anterior or lateral to 
the mandible 13, and in still other embodiments, may also 
pass through the mandible 13. The tongue elements 22 may 
be implanted percutaneously into the tongue 9 using a 
hypodermic needle 36 or other piercing delivery tool known 
in the art. In some instances, the distal anchors 26 of the 
tongue elements are positioned about the base of the tongue, 
which is the portion of the tongue posterior to the circum 
vallate papillae (not shown), but other locations within the 
tongue 9, such as the anterior portion 39, may also be used. 
For example, the distal anchors 26 may also be positioned in 
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the dorsal region 38 of the tongue 9. This position may have 
a better effect on resisting posterior tongue displacement 
against the pharyngopalatine arch. Once positioned, the 
distal anchor 26 is released from the delivery tool 36. As 
shown in FIG. 4C, additional anchors 26 may be deployed, 
if desired. The delivery tool 36 is then withdrawn, leaving 
the proximal tether 40 trailing from the distal anchor 26 and 
accessible by the physician. A securing assembly 24 may be 
attached to the mandible 13 using minimally invasive tech 
niques and the proximal tethers 40 of the tongue elements 22 
are adjusted to an initial tension and secured to the securing 
structures 32 on the securing assembly 24. In some embodi 
ments, the initial tension is Zero but increases with changes 
in tongue position. In some embodiments, the securing 
assembly 24 is preferably secured to the inferior or inner 
surface of the mandible 13 to reduce visibility of the 
securing assembly beneath the skin 42. The securing assem 
bly 24 may be adapted to penetrate and attach to the 
mandible 13, as depicted in FIG. 4D, or attach to the 
mandible surface with the use of an adhesive or tissue 
welding. In some embodiments, the securing structures may 
also be adjusted through an adjustment interface, described 
below, to further alter the tension in the proximal tether. 
0138 FIGS. 5A through 5C are inferior schematic 
views of an embodiment of the invention where the tongue 
elements 22 have been inserted into the posterior tongue 
bilaterally and attached to securing assemblies 42 located on 
the inferior surface of the bilateral mandible 13. Continuous 
or intermittent tension created within the tongue elements 22 
causes remodeling of the posterior tongue not only in an 
anterior direction but also a lateral direction. This may be 
advantageous by increasing tissue tension in the posterior 
tongue with less limitation of tongue movement in the 
antero-posterior direction. 
0139 FIGS. 6A and 6B depict another embodiment of 
the invention comprising a tongue element 44 having a distal 
tissue anchor 46 and a proximal tissue anchor 48 joined by 
a tether 50. This device can be inserted into the tongue tissue 
using a single cutaneous delivery device 52 and access point 
without accessing or inserting into the mandible or other 
bone. To implanta dual-ended tongue element 44, the needle 
or delivery tool 52 is inserted percutaneously into the tongue 
9 to a desired distal location and in a direction along the 
desired tension pathway. The distal anchor 46 is released 
from the delivery tool 52 into the tongue tissue. The delivery 
tool 52 is withdrawn, gradually exposing the tether 50. By 
applying proximal force to the delivery tool 52, tension may 
be formed within the tether 50. In some embodiments, the 
release mechanism for the proximal tissue anchor 48 further 
comprises a force measurement component that may assist 
the physician in determining the appropriate release position 
for the proximal tissue anchor 48. The measurement com 
ponent may comprise a calibrated spring or a piezoelectric 
crystal with an analog or digital readout. When the desired 
tension and/or location for the proximal tissue anchor 48 are 
reached, the proximal tissue anchor 48 may be released from 
the delivery tool by withdrawal of an outer sheath on the 
delivery tool 52 to expose the proximal tissue anchor 48, or 
by release of an engagement structure, such as a Suture or 
deflection of one or more biased prongs, that are engaged to 
the proximal tissue anchor 48. The tether tension allows the 
distal and proximal tissue anchors 46, 48 to come closer 
together, thereby compressing the tongue tissue between the 
anchors 46, 48 and altering the tongue configuration. In 
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other embodiments, the dual-ended tongue element 44 is 
implanted within the tongue 9 and creates intermittent rather 
than continuous tissue compression, depending on tongue 
position. 

0140 FIGS. 7A through 7F depict another embodiment 
of the invention, where the implantation pathway passes 
through the mandible 13 to access the tongue 9. A pathway 
or conduit through the mandible 13 or other bone may be 
created using a bone drill 54 or other device known in the 
art. As illustrated in FIGS. 7A and 7B, in some instances, 
the inferior skin 56 of the lower jaw is drawn toward the 
anterior chin prior to accessing the anterior mandible 13. 
Displacing the skin anteriorly provides access through skin 
that normally faces inferiorly, thereby hiding the skin access 
site 59 at the inferior surface of the mandible 13 once the 
procedure is complete. Referring to FIGS. 7C and 7D, once 
a pathway is created through the mandible 13, the delivery 
tool 36 may be used to insert one or more tongue elements 
22 into the tongue 9. A sheath or retractors may be inserted 
through the skin and bone conduit to maintain access and/or 
exposure to the bone during the procedure. In one embodi 
ment, a delivery tool 36 with a tongue element 22 is inserted 
generally through the mandible 13 to a desired location in 
the tongue 9, deployed and released from the delivery tool 
36. Deployment of the distal anchor 26 may also include 
expansion of the distal anchor 26, if needed. In FIG. 7E, the 
delivery tool 36 is then withdrawn, leaving the proximal 
tether 40 trailing from the distal anchor 26 and accessible by 
the surgeon. Additional anchors 26 may be deployed, if 
desired. In some embodiments, an intra-mandible securing 
assembly 60, shown in FIG. 7F, may be attached or partially 
attached to the bone before, during and/or after the implan 
tation of the tongue elements 22. In one embodiment, the 
proximal tethers 40 are attached to a securing assembly 60 
and the tension of the proximal tether 40 is adjusted as 
needed and secured to the securing assembly 60. In some 
embodiments, the securing assembly 60 may be engaged to 
the mandible surface or conduit surface. In other embodi 
ments, the tension of the tongue element(s) 22 alone is 
Sufficient to keep the securing assembly against the man 
dible 13. In some embodiment, a portion of the securing 
assembly may be inserted prior to implantation of the tongue 
elements 22. In FIG. 7C, for example, a conduit portion 61 
of the securing assembly 60 is inserted through the mandible 
13 prior to use of the delivery tool 36. 
0141. In addition to securing the proximal tethers 40 of 
the tongue elements 22 to the anterior portion of the man 
dible 13, other securing sites are also envisioned, including 
the lateral portions of the mandible 13, the hyoid bone 15, 
the occiput, the thyroid cartilage 16, the tracheal rings and 
any other structure about the head or neck. 
0142. The embodiments of the invention described above 
may be combined with other treatments for OSA, sleep 
disordered breathing, upper airway resistance syndrome and 
Snoring. These other treatments may also include external 
devices such as CPAP medications such as modafinil, other 
Surgical procedures, as well as other treatments of the 
tongue, including various forms of tongue debulking using 
RF ablation such as Coblation(R) by ArthroCare R ENT. 
0143 1. Distal Anchor 
0144. The distal anchor may have any of a variety of 
shapes adapted for implantation within the tongue 9 and to 
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resist migration, typically comprising one or more tissue 
engaging structures 30. Expandable anchors may include 
expandable slotted tubes, fibrous or porous polymer plugs or 
structures, coilable wires, expandable barb structures or any 
other deformable or expandable structure or combinations 
thereof. In other embodiments, the distal anchor 26 has a 
fixed configuration but is adapted to facilitate its insertion in 
one direction through the tongue 9 or other soft tissue and to 
resist migration or displacement in at least the opposite 
direction. Distal anchors 26 with a fixed configuration may 
have barbs, angled pins, hooks or other angled or ramped 
structures capable of engaging Surrounding tissue. The distal 
anchors may also be self-expandable or may require the 
application of force to expand in size or Surface area. For 
instance, in Some embodiments of the invention, the distal 
anchor may have one or more deformable tissue engagement 
structures that self-expand upon release of the distal anchor 
from the delivery tool to engage the Surrounding tissue. In 
other embodiments, the distal anchor may engage or expand 
into the Surrounding tongue tissue upon the application of 
tension to the proximal tether of the tongue element. 
0145. In some embodiments, the distal anchor has a first 
configuration with a reduced cross-sectional profile to facili 
tate implantation of the distal anchor within the tongue, and 
a second configuration with an expanded cross-sectional 
profile to engage the Surrounding tissue and/or resist migra 
tion of the anchor within or out of the tongue. In further 
embodiments of the invention, the distal anchor may have a 
third configuration to facilitate removal of the distal anchor 
from the tongue. The third configuration may result from 
deformation of the distal anchor to facilitate disengagement 
from the Surrounding tongue tissue and/or to reduce the 
cross-sectional profile. Deformation of the distalanchor may 
occur at one or more pre-engineered failure points or defor 
mation points on the distal anchor. One skilled in the art can 
design a failure point to deform with a force greater than the 
upper limit of forces generally acting on the distal anchor in 
its intended use. 

0146 FIGS. 7G through 7J depict the removal of an 
anchor previously inserted in FIGS. 7A through 7F. In 
FIG. 7G, the proximal tether 40 is disengaged from the 
securing assembly 60 and a removal tool 62 is passed along 
the proximal tether 40 to the distal anchor 26. In FIG. 7H, 
the distal anchor 26 is deformed such that the distal anchor 
26 has a reduced cross sectional profile and/or disengages 
the Surrounding tongue tissue. The deformation may occur 
by stabilizing or pulling on the proximal tether and distal 
anchor while pushing and/or stabilizing the removal tool 
against the distal anchor. FIG. 71 depicts a cross sectional 
expanded view of the distal anchor 26 and removal tool 62 
from FIG. 7G as the removal tool 62 abuts the distal anchor 
26. FIG. 7J depicts the distal anchor and removal tool from 
FIG. 71 following deformation of the distal anchor. After 
deformation, the removal tool 62 may be withdrawn from 
the tongue separately from the distal anchor 26 or together 
with the distal anchor 26. In some embodiments, the 
removal tool 62 surrounds the distal anchor 26 to reduce the 
risk of breakage or Snagging of the distal anchor 26 during 
withdrawal from the tongue. The removal tool may include 
any of a variety of structures capable of exerting Sufficient 
force against the distal anchor 26 to cause deformation. In 
Some instances, the removal tool 62 may be a catheter or 
large gauge needle. Preferably, the removal tool 62 is further 
adapted to slide or interface with the proximal tether 40 of 


































