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METHODS AND DEVICES FOR TREATING SLEEP APNEA
TECHNICAL FIELD

[0001] The present invention relates to devices and methods for the treatment of
obstructive sleep apnea syndrome. More specifically, the present invention relates to the

treatment of obstructive sleep apnea by retraction of soft tissue in the oral cavity or pharynx.
BACKGROUND

[0002] Snoring, upper airway resistance syndrome, and obstructive sleep apnea
syndrome (“OSAS”) are all breathing disorders related to narrowing of the upper airway during
sleep. Approximately 18 million Americans have sleep disordered breathing, but fewer than
50% are presently diagnosed. More than 50% of Americans over age 65 have sleep difficulties,
and prevalence of sleep problems will therefore increase as the over-65 population increases.
Each year, sleep disorders, sleep deprivation, and excessive daytime sleepiness add
approximately $16 billion annually to the cost of health care in the U.S., and result in $50 billion

annually in lost productivity.

[0003] Sleep disorders are largely caused by too much soft tissue in the throat. Humans
are unique because their upper airway has a curved shape, an anatomical change that is related to
the evolution of human speech. As a result, the upper airway on humans is more flexible than
other species and is more prone to collapse under negative pressure. When awake, a certain
amount of tone is present in upper airway muscles to prevent this collapse. However, during
sleep muscle tone decreases in upper airway muscles and in certain susceptible individuals this

relaxation allows the airway to collapse.

[0004] The upper airway refers to the air filled spaces between the nose and the larynx,
and their surrounding soft tissue boundaries. For sleep disorders, the most relevant part of the

upper airway is the air cavity called the pharynx.

[0005] The soft palate and the tongue are most susceptible to collapse because they are
very flexible. The soft palate acts as a barrier between the mouth and the nose. The tongue is the
largest muscular organ of the upper airway and is anatomically divided into a blade, body and

base. Most of the tongue’s curve is at the junction of the tongue body and base.
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[0006] When the tone of the soft palate and tongue decreases during sleep, these
structures become quite flexible and distensible. Without the normal muscle tone that keeps
them in place, they tend to collapse at relatively low negative pressures. Although muscles relax
throughout the body during sleep, many of the respiratory muscles remain active. Specifically,
the major muscle that pulls the tongue forward, the genioglossus muscle, has been reported to
show decreased activity during sleep, although it is active during obstructive apneas. Normally,
the genioglossus is capable of moving the tongue forward and even projecting it out of the
mouth. Why the genioglossus muscle fails to prevent obstructions has not been explained.
[0007] During inspiration, the chest wall expands and causes negative pressure to draw
air into the nose and mouth and past the pharynx into the lungs. This negative pressure causes
upper airway soft tissue to deform, further narrowing the airway. If the airway narrows enough,
the air flow becomes turbulent causing the soft palate to vibrate. The vibration of the soft palate
produces the sound known as snoring. Snoring is extremely common, effecting up to 50% of
men and 25% of women. By itself, snoring is not a medical problem although it can be a

tremendous problem for the snorer’s bed partner and a major cause of marital strain.

[0008] A small amount of decreased airflow or brief obstructions occurs in all humans
during sleep. These episodes are counted as medically significant if airflow is decreased more
than 50% of normal (hypopnea) or if airflow is obstructed for more than 10 seconds (apnea).
The number of apneas and hypopneas that occur during each hour of sleep is measured to
diagnose the severity of the sleep disorder. These episodes of hypopnea or apnea often cause
some degree of arousal during sleep. Although the patient does not awaken to full
consciousness, the sleep pattern is disturbed causing the patient to feel sleepy during the day. If
the frequency of hypopnea or apnea is more than 5 episodes per hour it is called upper airway
resistance syndrome. These patients often show stptoms related to the sleep disruption.
Specifically, these patients are excessively sleepy during the day. In addition, more subtle

symptoms such as depression and difficulty concentrating are also common.

[0009] Technically, the diagnosis of OSAS is defined as an average of more than 10
episodes of hyponea or apnea during each hour of sleep. Although the airway is obstructed, the
patient makes repeated and progressively more forceful attempts at inspiration. These episodes
are largely silent and characterized by movements of the abdomen and chest wall as the patient
strains to bring air into the lungs. Episodes of apnea can last a minute to more, and during this

time the oxygen levels in the blood decrease. Finally, either the obstruction is overcome, usually
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producing a loud snore, or the patient awakes with the feeling of choking.

[0010] Very common symptoms in OSAS patients are morning headaches and acid
reflux. During airway obstructions, the forceful attempts to inspire air can cause tremendous
negative pressure in the chest. These high negative pressures can draw acid up the esophagus
from the stomach. The acid can travel all the way into the mouth and cause inflammation of the
vocal cords and nasal mucosa. The presence of the acid in the upper airway causes reflex
bronchoconstriction in the lung that is similar to an asthma attack. If even a small amount of
acid enters the lung it can cause the vocal folds to close tightly and itself cause a prolonged
apnea called laryngospasm. In many patients the repeated stretching of the espophageal

sphincter causes chronic changes and these patients can have acid reflux during the day.

[0011] Although OSAS occurs in both children and adults the cause and treatment are
very different. OSAS in children almost always occurs when the child has large tonsils, and
tonsillectomy cures the condition. Tonsils naturally decrease in size with age and are rarely a
problem in adults. Instead, susceptible adults usually have enlargement of their tongues, soft
palate, and/or pharyngeal walls. This enlargement is mostly due to fat deposits within these

structures.

[0012] Adult sleep disorders are difficult to treat for a variety of reasons. The upper
airway is a very mobile structure that performs the critical functions of swallowing and speech.
These functions are easily compromised by surgical procedures or other interventions. In
addition, the upper airway also has a large amount of sensory innervation that causes reflexes
such as gagging and coughing. Theoretically, a physical stent that is placed in the oral cavity
and pharynx would be completely effective in relieving sleep apnea. When a patient is totally
unconscious, such as when they are anesthetized for surgery, the airway can be stented open by
placing a curved oral tube into the mouth and pharynx. In addition, endotracheal tubes establish
a secure airway for artificial ventilation. However, after anesthesia wears off, patients
immediately sense and react to the foreign objects in their throats and expel them. Therefore,

devices such as oral and endotrachael tubes, or anything similar, cannot be used for the treatment
of OSAS.

[0013] Although physical stents cannot be used for OSAS, an indirect way of stenting the
upper airway with positive air pressure is the most commonly prescribed treatment for OSAS.

This method is called continuous positive airway pressure (“CPAP”). CPAP requires the use of
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a mask tightly attached around the nose and connected to a respirator. The exact amount of
positive pressure is different for each patient and must be set by overnight testing using multiple
pressures. The positive pressure acts like a stent to keep the airway open. CPAP is not a cure
but a therapy that must be used every night. Although many OSAS patients are helped by CPAP
it is not comfortable for the patient or their bed partner. Patients often cannot tolerate the
claustrophobic feeling of a mask tightly attached to their face. In addition, there are often many
technical problems with maintaining a proper seal of the mask to the face. For these reasons up

to half of all patients who are prescribed CPAP stop using it within 6 months.

[0014] FIG. 1A is a schematic illustration of a prior art dental appliance 100. The dental
appliance 100 is worn like a retainer and requires nightly compliance by the patient. The dental
appliance 100 has an upper dental plate 102 and a lower dental plate 103. The dental appliance
100 also contains a fin-coupling component 105 that allows the mouth to open and close. The
dental appliance 100 repositions the lower jaw slightly down and forward relative to the neutral
position. This repositioning of the lower jaw forces the tongue to move further away from the

back of the airway. Dental appliances generally have minimal efficacy.

[0015] FIG. 1B is a schematic illustration of a prior art Repose system 120. The Repose
procedure is performed under general anesthesia and a screw (not shown) is inserted at the base
of the mandible. The screw contains attachments for a permanent suture 125 that is tunneled
under the mucosa of the floor of the mouth to the back of the tongue, then passed across the
width of the tongue base, and brought back to attach to a metal hook (not shown) screwed into
the bone of the mandible. The entire suture is located within the soft tissue of the tongue. The
suture 125 is tightened to displace the tongue base forward, and caution must be observed to
prevent excess tension leading to necrosis of tissue. A quantitative measurement of tension is
not performed. Tension is estimated by a surgeon. Unfortunately, studies of the Repose
procedure show that it is ineffective at eliminating OSAS. Only 1 of 15 patients was cured of

OSAS while 2 patients had to have the suture removed due to pain and swelling.

[0016] FIG. 1C is a schematic illustration of a prior art Uvulopalatopharyngoplasty
(“UPPP”) 130. UPPP is one type of surgical procedure that is available to shrink or stiffen the
soft palate. UPPP excises excess soft tissue 135 of the pharyngeal walls and soft palate with a
surgical scalpel. Because so much mucosa of the pharyngeal area is traumatized during a UPPP
there is a large amount of post operative swelling and severe pain. In selected patients who

snore but have no obstructions more limited versions of the UPPP can be done with lasers or
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electrical cautery.

[0017] One problem with some known devices and methods for the treatment of
obstructive sleep apnea is that prior approaches have minimal or limited efficacy. Another
problem is that prior approaches can be highly invasive, requiring significant, obtrusive,
sometimes irreversible surgery, which can also lead to a high risk of infection. Another problem
with some prior art solutions is that patients experience significant foreign body sensations when
devices are placed in the patients’ oral cavity as well as a negative social stigma when the

foreign bodies are visible to the general population.

[0018] Accordingly, a need exists for improved methods and devices for the treatment of

obstructive sleep apnea.
SUMMARY

[0019] The invention overcomes these and other problems by providing a minimally
invasive treatment of obstructive sleep apnea without requiring major surgery. In addition, the
invention overcomes the problems of the prior art solutions by providing a device that is easily
adjustable and removable and a method of treatment that is entirely reversible. Furthermore, the
invention overcomes the problems of the prior art solutions because patients do not experience
any foreign body sensations when the device is implanted nor do patients experience any social

stigma as the device is invisible to the general public.

[0020] The invention, in one aspect, features an implantable tissue retractor for treatment
of a breathing disorder. The implantable tissue retractor includes a shaft sized for insertion into a
soft tissue located in a patient’s oral cavity or pharynx. The implantable tissue retractor also
includes a retractor member at or near a first end of the shaft. The implantable tissue retractor
also includes a removable coupler connected at or near a second end of the shaft. At least one of
a portion of the shaft or the retractor member is positionable on a surface of the soft tissue. At
least one of the shaft, retractor member, or removable coupler is adjustable to vary a force to
prevent a deformation of at least a portion of the soft tissue to prevent obstruction of the patient’s

airway.

[0021] In some embodiments, the removable coupler comprises a suture, a magnet, a

vacuum, an adhesive, a screw, or a hook.
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[0022] In some embodiments, the shaft has at least one securing feature. In some
embodiments, the securing feature comprises a protuberance. In other embodiments, the
securing feature comprises a cavity. In other embodiments, the securing feature comprises an

aperture. In some embodiments, the securing feature is integrally formed with the shaft.

[0023] In some embodiments, the shaft of the implantable tissue retractor is flexible. In
some embodiments, the shaft is made from silicon and in other embodiments the shaft is made

from stainless steel.

[0024] In some embodiments, the implantable tissue retractor further includes an anchor
member. In some embodiments, the anchor member comprises a locking member and a pad. In
some embodiments, the pad has a recess. The recess capable of receiving the locking member or
the anchor member. In other embodiments, the pad is curved. The pad is capable of contacting
the soft tissues located in the patient’s oral cavity or pharynx and distributing force across the
soft tissue. In some embodiments, the pad is adapted to be removed from the shaft without

removing the locking member from the shaft.

[0025] In some embodiments, the retractor member of the implantable tissue retractor is
disc shaped, rod shaped, triangularly shaped, cross-rod shaped, saddle shaped, half-saddle
shaped, oval shaped, or rectangularly shaped. In other embodiments, the retractor member is off

center along at least one axis.

[0026] In some embodiments, the shaft of the implantable tissue retractor has a first end
and a second end. The first end has a first thickness. An intermediate portion is located between
the first end and the second end. The intermediate portion has a second thickness. In some
embodiments the first thickness is greater than the second thickness. In some embodiments, the

intermediate portion is located at or near the removable coupler.

[0027] In some embodiments, the shaft of the implantable tissue retractor has a thickness

of about 0.1 millimeters to about 5 millimeters.

[0028] The invention, in another aspect, features a tissue retractor for treatment of a
breathing disorder. The tissue retractor includes a shaft sized for insertion into a soft tissue
located in a patient’s oral cavity or pharynx. The shaft has at least one securing feature. The
tissue retractor also includes a retractor member connected at or near a first end of the shaft. The

tissue retractor also includes an anchor member engagable by the at least one securing feature.
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At least one of the shaft, the retractor member or the anchor member is positionable on a surface
of the soft tissue. At least one of the shaft, the retractor member, or the anchor member is
adjustable to vary a force that prevents a deformation of at least a portion of the soft tissue to

prevent obstruction of the patient’s airway.

[0029] In some embodiments, the anchor member includes a locking member and a pad.
The pad is configured to distribute a force across the soft tissue. In some embodiments, the pad

has a recess. The recess is capable of receiving the locking member.

[0030] In some embodiments, the securing feature is a protuberance. In other

embodiments, the securing feature is a cavity. In other embodiments, the securing feature is an

aperture.
[0031] In some embodiments, the locking member is a slide lock or a clamshell lock.
[0032] In some embodiments, the retractor member is disc shaped, rod shaped,

triangularly shaped, cross-rod shaped, saddle shaped, half-saddle shaped, oval shaped, or

rectangularly shaped.

[0033] In some embodiments, the shaft has a first end and a second end. The first end
has a first thickness. An intermediate portion is located between the first end and the second
end. The intermediate portion has a second thickness. In some embodiments, the second
thickness is less than the first thickness. The first thickness and the second thickness meet at a

junction. In some embodiments, the junction is located at or near the anchor member.

[0034] The invention, in another aspect, features a tissue retractor holder for implantation
of a tissue retractor. The tissue retractor holder includes a handle. The tissue retractor holder
also includes a retainer disposed at a distal end of the handle for releasably retaining a removable
coupler. The tissue retractor holder also includes a detainer positioned along the handle, the
detainer for releasably engaging an implantable tissue retractor. The retainer is adapted to
provide a force to a soft tissue of a patient’s oral cavity. The force prevents deformation of the

soft tissue when an implantation device is inserted into an opposite side of the soft tissue.

[0035] In some embodiments, the retainer includes a first forked arm extending from the
distal end of the handle. The retainer also includes a second forked arm extending from the

distal end of the handle. In some embodiments, a distal end of the first forked arm is connected
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to a distal end of the second forked arm forming a continuous surface.

[0036] In some embodiments, the detainer comprises at least one of a groove, a clamp or
a clip.
[0037] In some embodiments, the tissue retractor holder further includes a guard

disposed at or near the retainer. The guard is configured to impede an excessive progression of

an implantation device.

[0038] In some embodiments, the handle of the tissue retractor holder is curved at or near

where the handle and the retainer are joined.

[0039] The invention, in another aspect, features an implantation device for insertion of a
tissue retractor. The implantation device includes a shaft having a pointed end and a second end.
The implantation device also includes a first mechanical coupler near the pointed end of the
shaft. The first mechanical coupler is adapted to couple with a removable coupler of the tissue

retractor. The implantation device also includes a handle at the second end.

[0040] In some embodiments, the first mechanical coupler comprises a cleft. In other
embodiments, the first mechanical coupler comprises a suture, a magnet, a vacuum, an adhesive,

a screw, or a hook.

[0041] In some embodiments, the removable coupler of the tissue retractor comprises a

suture, a magnet, a vacuum, an adhesive, a screw, or a hook.

[0042] In some embodiments, the implantation device further includes a releasable
locking member located at or near the first mechanical coupler. In some embodiments, the
releasable locking member is a sheath. The sheath is sized to fit over the shaft and configured to

hinder an unintentional disengagement of a removable coupler of an implantable tissue retractor.

[0043] In some embodiments, the handle of the implantation device contains a tension
meter. The tension meter is capable of measuring the tension of a shaft of an implantable tissue

retractor.

[0044] The invention, in another aspect, features a kit for treatment of a breathing
disorder. The kit includes an implantable tissue retractor. The implantable tissue retractor

includes a shaft sized for insertion into a soft tissue located in a patient’s oral cavity or pharynx.
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The implantable tissue retractor also includes a retractor member disposed at or near a first end
of the shaft. The implantable tissue retractor also includes a removable coupler connected at or
near a second end of the shaft. The kit also includes a tissue retractor holder. The tissue
retractor holder includes a handle. The tissue retractor holder also includes a retention system
disposed at a distal end of the handle for temporarily retaining the removable coupler. The tissue
retractor holder also includes a detainer positioned on the handle. The detainer is capable of

engaging the implantable tissue retractor.

[0045] In some embodiments, the kit further includes an implantation device. The
implantation device includes a shaft having a pointed end and a second end. The implantation
device also includes a mechanical coupler near the pointed end of the shaft. The mechanical
coupler is adapted to couple with the removable coupler. The implantation device also includes

a handle at the second end.

[0046] The invention, in another aspect, features a method for treatment of a breathing
disorder. The method includes a) inserting a tissue retractor implantation device into a first
location of a soft tissue located in a patient’s oral cavity or pharynx. The tissue retractor
implantation device includes a mechanical coupler. The method also includes b) inserting a first
implantable tissue retractor into the oral cavity or pharynx. The first implantable tissue retractor
includes a first shaft, a first retractor member connected at or near a first end of the first shaft,
and a first removable coupler disposed at or near a second end of the first shaft. The method also
includes c) engaging the first removable coupler with the mechanical coupler of the tissue
retractor implantation device. The method also includes d) withdrawing the mechanical coupler
of the tissue retractor implantation device to secure at least a portion of the first implantable
tissue retractor within the soft tissue. The method also includes ) securing a first anchor
member to the second end of the first shaft of the first implantable tissue retractor to secure the
first implantable tissue retractor within the soft tissue. The method also includes f) removing the

first removable coupler.

[0047] In some embodiments, the method further includes establishing an amount of
securing force against the soft tissue by adjusting a length of the first shaft between the first
retractor member and the anchor member. In some embodiments, the method further includes
establishing an amount of securing force against the soft tissue by adjusting a physical

characteristic of the first shaft between the first retractor member and the anchor member.
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[0048] In some embodiments, the amount of securing force is about zero to about 1000
grams. In some embodiments, the amount of securing force is about 5 to about 200 grams. In
some embodiments, the amount of securing force is about 10 to about 75 grams. In some

embodiments, the amount of securing force is about 25 grams.

[0049] In some embodiments, step b) includes using a tissue retractor holder to insert the
first implantable tissue retractor into the oral cavity or pharynx. The tissue retractor holder
includes a handle, a retainer disposed at a distal end of the handle, and a detainer positioned on

the handle, the detainer capable of engaging the implantable tissue retractor.

[0050] In some embodiments, the method of further includes g) inserting the tissue
retractor implantation device into a second location of a soft tissue located in a patient’s oral
cavity or pharynx. The tissue retractor implantation device includes a mechanical coupler. The
method further includes h) inserting a second implantable tissue retractor into the oral cavity or
pharynx. The second implantable tissue retractor includes a second shaft and a second
removable coupler disposed at or near a second end of the second shaft. The method further
includes i) engaging the second removable coupler. The method further includes j) withdrawing
the mechanical coupler of the tissue retractor implantation device to secure at least a portion of
the second implantable tissue retractor within the soft tissue. The method further includes k)
securing a first end of the second implantable tissue retractor to the first retractor member of the
first implantable tissue retractor. The method further includes 1) securing a second anchor
member to the second end of the second shaft of the second implantable tissue retractor to secure
the second implantable tissue retractor within the soft tissue. The method further includes m)

removing the second removable coupler.

[0051] In some embodiments, the method further includes g) inserting a tissue retractor
implantation device into a second location of a soft tissue located in a patient’s oral cavity or
pharynx. The tissue retractor implantation device includes a mechanical coupler. The method
further includes h) inserting a second implantable tissue retractor into the oral cavity or pharynx.
The second implantable tissue retractor includes a second shaft, a second retractor member
connected at or near a first end of the second shaft, and a second removable coupler disposed at
or near a second end of the second shaft. The method further includes i) engaging the second
removable coupler. The method further includes j) withdrawing the mechanical coupler of the
tissue retractor implantation device to secure at least a portion of the second implantable tissue

retractor within the soft tissue. The method further includes k) securing a second anchor
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member to the second end of the second shaft of the second implantable tissue retractor to secure

the second implantable tissue retractor within the soft tissue. The method further includes 1)

removing the second removable coupler.

[0052] The invention, in another aspect, features a method of retensioning a tissue
retractor. The method includes locating a tissue retractor within a soft tissue of a patient. The
tissue retractor includes a retractor member located at or near a first end of a shaft and an anchor
member located at or near a second end of the shaft. The method also includes loosening the
anchor member. The method also includes establishing an amount of securing force against the
soft tissue by adjusting a length of the shaft between the retractor member and the anchor

member. The method also includes resecuring the anchor member to the shaft of the tissue

retractor.

[0053] In some embodiments, the resecuring step is performed using a second anchor
member..

[0054] The invention, in another aspect, features a method of replacing a tissue retractor.

The method includes locating a first tissue retractor within a soft tissue of a patient. The first
tissue retractor includes a first retractor member located at or near a first end of a first shaft and a
first anchor member located at or near a second end of the first shaft. The method also includes
removing the first anchor member. The method also includes extracting the first tissue retractor
from the soft tissue of the patient. A conduit is located where the first tissue retractor was
extracted from the soft tissue of the patient. The method also includes implanting a second tissue
retractor along the conduit of the soft tissue of the patient. The second tissue retractor includes a
second shaft and a second retractor member located at or near a first end of the second shaft.

The method also includes establishing an amount of securing force against the soft tissue by
adjusting a length of the second shaft. The method also includes securing a second anchor

member to the second shaft of the second tissue retractor.
BRIEF DESCRIPTION OF THE DRAWINGS

[0055] The foregoing and other objects, features and advantages of the invention, as well
as the invention itself, will be more fully understood from the following illustrative description,

when read together with the accompanying drawings which are not necessarily to scale.

[0056] FIG. 1A is a schematic illustration of a prior art dental appliance.
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[0057] FIG. 1B is a schematic illustration of a prior art repose system.
[0058] FIG. 1C is a schematic illustration of a prior art Uvulopalatopharyngoplasty.
[0059] FIG. 2A is a schematic illustration of an implantable tissue retractor, according an
illustrative embodiment of the invention.
[0060] FIG. 2B is a side view of an implantable tissue retractor of FIG. 2A, according to
an illustrative embodiment of the invention.
[0061] FIG. 3A is a schematic illustration of a retractor member oriented at an angle to a

shaft, according to an illustrative embodiment of the invention.

[0062] FIG. 3B is a schematic illustration of an off-centered oval head retractor member,

according to an illustrative embodiment of the invention.

[0063] FIG. 3C is a schematic illustration of a saddle-shaped retractor member,

according to an illustrative embodiment of the invention.

[0064] FIG. 3D is a schematic illustration of a half saddle-shaped retractor member,

according to an illustrative embodiment of the invention.

[0065] FIG. 3E is a schematic illustration of single rod-shaped retractor member,

according to an illustrative embodiment of the invention.

[0066] FIG. 3F is a schematic illustration of a crossed rod-shaped retractor member,

according to an illustrative embodiment of the invention,

[0067] FIG. 3G is a schematic illustration of a retractor member and internal reinforcing

member, according to an illustrative embodiment of the invention.

[0068] FIG. 3H is a schematic illustration of an X-shaped internal reinforcing member,

according to an illustrative embodiment of the invention.

[0069] FIG. 31 is a schematic illustration of a disc-shaped internal reinforcing member,

according to an illustrative embodiment of the invention.

[0070] FIG. 3] is a schematic illustration of a rectangular-shaped internal reinforcing

member, according to an illustrative embodiment of the invention.
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[0071] FIG. 4A is a schematic illustration of a ridge-type securing feature, according to
an illustrative embodiment of the invention.

[0072] FIG. 4B is an enlarged view of a ridge-type securing feature from FIG. 4A,

according to an illustrative embodiment of the invention.

[0073] FIG. 4C is a schematic illustration of a bump-type securing feature, according to

an illustrative embodiment of the invention.

[0074] FIG. 4D is an enlarged view of a bump-type securing feature from FIG. 4C,

according to an illustrative embodiment of the invention.

[0075] FIG. 4E is a schematic illustration of an aperture-type securing feature, according

to an illustrative embodiment of the invention.

[0076] FIG. 4F is an enlarged view of an aperture-type securing feature from FIG. 4E,

according to an illustrative embodiment of the invention.

[0077] FIG. 4G is a schematic illustration of a cavity-type securing feature, according to

an illustrative embodiment of the invention.

[0078] FIG. 5A is a front view of a slide lock in a closed position, according to an

illustrative embodiment of the invention.

[0079] FIG. 5B is a schematic illustration of a cut away of a closed slide lock and shaft,

according to an illustrative embodiment of the invention,

[0080] FIG. 5C is a schematic illustration of the inner element of the slide lock and shaft

in the closed position, according to an illustrative embodiment of the invention.

[0081] FIG. 5D is a schematic illustration of a slide lock in a closed position, according

to an illustrative embodiment of the invention.

[0082] FIG. 5E is a schematic illustration of a slide lock in an open position, according to
an illustrative embodiment of the invention.
[0083] FIG. 5F is a schematic illustration a slide lock in an open position, combined with

an anchor pad and mounted on a shaft, according to an illustrative embodiment of the invention.
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[0084] FIG. 5G is a schematic illustration of a slide lock in a closed position, combined
with an anchor pad and mounted on a shaft, according to an illustrative embodiment of the

invention.

[0085] FIG. 6A is a schematic illustration of a flat anchor pad, according to an

illustrative embodiment of the invention.

[0086] FIG. 6B is a schematic illustration of a curved anchor pad, according to an

illustrative embodiment of the invention.

[0087] FIG. 6C is a front view of a curved anchor pad, according to an illustrative

embodiment of the invention.

[0088] FIG. 6D is a top view of a curved anchor pad, according to an illustrative

embodiment of the invention.

[0089] FIG. 6E is a side view of a curved anchor pad, according to an illustrative

embodiment of the invention.

[0090] FIG. 6F is a perspective view of a curved anchor pad, according to an illustrative

embodiment of the invention.

[0091] FIG. 6G is a top perspective view of a curved anchor pad, according to an

illustrative embodiment of the invention.

[0092] FIG. 6H is a side perspective view of curved anchor pad, according to an

illustrative embodiment of the invention.

[0093] FIG. 7A is a schematic illustration of spherical anchor member in an open

position, according to an illustrative embodiment of the invention.

[0094] FIG. 7B is a schematic illustration of the inner element of a spherical anchor

member, according to an illustrative embodiment of the invention.

[0095] FIG. 7C is a schematic illustration of a spherical anchor member in a closed

position, according to an illustrative embodiment of the invention.

[0096] FIG. 7D is a schematic illustration of a preassembled spherical anchor member,
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according to an illustrative embodiment of the invention.

[0097] FIG. 8 is a schematic illustration of a tissue retractor, according to an illustrative

embodiment of the invention.

[0098] FIG. 9A is a schematic illustration of an implantation device, according to an

illustrative embodiment of the invention.

[0099] FIG. 9B is a schematic illustration of the pointed end of an implantation device according

to an illustrative embodiment of the invention.

{00100} FIG. 9C is a schematic illustration of a mechanical coupler of an implantation

device, according to an illustrative embodiment of the invention.

[00101] FIG. 10A is a schematic illustration of an implantation device with a releasable

locking member in the open position, according to an illustrative embodiment of the invention.

[00102] FIG. 10B is a schematic illustration of a releasable locking member control

mechanism in the open position, according to an illustrative embodiment of the invention.

[00103] FIG. 10C is a schematic illustration of an implantation device with a releasable

locking member in the closed position, according to an illustrative embodiment of the invention.

[00104] FIG. 10D is a schematic illustration of a releasable locking member control

mechanism in the closed position, according to an illustrative embodiment of the invention.

[00105] FIG. 11 is a schematic illustration of a tissue retractor holder, according to an

illustrative embodiment of the invention.

[00106] FIG. 12 is a schematic illustration of a guard of a tissue retractor holder,

according to an illustrative embodiment of the invention.

[00107] FIG. 13 is a schematic illustration of an insertion of an implantation device,

according to an illustrative embodiment of the invention.

[00108] FIG. 14 is a schematic illustration of a tenting up of a soft tissue as the
implantation device pushes against the soft tissue, according to an illustrative embodiment of the

invention.
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[00109] FIG. 15 is a schematic illustration of the tissue retractor holder providing counter

pressure, according to an illustrative embodiment of the invention.

[00110] FIG. 16 is a schematic illustration of a mechanical coupler of an implantation
device engaging a removable coupler of an implantable tissue retractor, according to an
illustrative embodiment of the invention.

[00111] FIG. 17 is a schematic illustration of an implantation device pulling an
implantable tissue retractor into a soft tissue, according to an illustrative embodiment of the

invention.

[00112] FIG. 18 is a schematic illustration of an implantable tissue retractor in a soft

tissue, according to an illustrative embodiment of the invention.

[00113] FIG. 19 is a schematic illustration of an anchor member being placed on a shaft,

according to an illustrative embodiment of the invention.

[00114] FIG. 20 is a schematic illustration of an anchor member in place on a shaft,

according to an illustrative embodiment of the invention.

[00115] FIG. 21 is a schematic illustration of positioning an anchor member on a shaft

using a locking and tensioning tool, according to an illustrative embodiment of the invention.

[00116] FIG. 22 is a schematic illustration of setting the tension and locking the anchor

member in place on a shaft, according to an illustrative embodiment of the invention.

[00117] FIG. 23 is a schematic illustration of unlocking the anchor using a locking and

tensioning tool, according to an illustrative embodiment of the invention.

[00118] FIG. 24 is a schematic illustration of a tissue retractor in place in a soft issue,

according to an illustrative embodiment of the invention.

[00119] FIG. 25 is a graphical illustration of a change in apnea/hyponea index, according

to an illustrative embodiment of the invention.

[00120] FIG. 26 is a graphical illustration of a change in obstructive apnea’hyponea index,

according to an illustrative embodiment of the invention.

[00121] FIG. 27 is a graphical illustration of a change in oxygen saturation, according to
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DETAILED DESCRIPTION
[00122] The invention relates to devices for the treatment of obstructive sleep apnea

syndrome. The invention relates to an implantable tissue retractor that provides a forward force
along the tongue base mucosa. The forward force unobtrusively prevents the tongue from

collapsing and obstructing a patient’s airway while the patient is sleeping.

[00123] The invention relates to devices to aid in the implantation of the tissue retractor.
For example, the invention relates to a tissue retractor holder that holds an implantable tissue
retractor in the oral cavity of a patient. The tissue retractor holder can also provide a force along
the tongue base mucosa to allow the implantation device to fully penetrate the soft tissue. The
force provided by the tissue retractor holder also increases the space within the oral cavity

allowing a physician more room to work within the oral cavity.

[00124] The invention also relates to methods for the treatment of obstructive sleep apnea
syndrome. The invention relates to a reverse threading method for securing an implantable
tissue retractor within the soft tissue of a patient. The method can be performed in a doctor’s
office under local anesthesia and has minimal post procedural discomfort. An implantation
device is inserted from the frenulum to the tongue base mucosa. A mechanical coupler on the
implantation device engages a removable coupler on an implantable tissue retractor. When the
implantation device is withdrawn from the soft tissue, the implantable tissue retractor is secured

within the soft tissue.

[00125] FIG. 2A is a schematic illustration of an implantable tissue retractor 200,
according an illustrative embodiment of the invention. The implantable tissue retractor 200
comprises a shaft 205. The shaft 205 is sized for insertion into a soft tissue located in a patient’s
oral cavity or pharynx. The shaft 205 can be made of flexible material, for example silicon, or a
stiff material, for example stainless steel. In some embodiments, the shaft has a thickness of

about 0.1 millimeters to about 5 millimeters. In one embodiment the shaft is cylindrical.

[00126] The implantable tissue retractor 200 also comprises a retractor member 210
located at or near a first end 215 of the shaft 205. The implantable tissue retractor 200 also has a
removable coupler 220. The removable coupler 220 is connected at or near a second end 225 of

the shaft 205. As shown in FIG. 2A, the removable coupler 220 is a suture. However, the
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removable coupler can comprise a magnet, a vacuum, an adhesive, a screw, a hook, or any other

type of coupler.

[00127] When the implantable tissue retractor 200 is implanted into a soft tissue located in
a patient’s oral cavity or pharynx, at least one of a portion of the shaft 205 or the retractor
member 210 is positionable on a surface of the soft tissue. In addition, at least one of the shaft
205, the retractor member 210 or the removable coupler 220 is adjustable to vary a force to
prevent a deformation of at least a portion of the soft tissue to prevent obstruction of the patient’s

airway.

[00128] FIG. 2B is a side view of an implantable tissue retractor 200, according to an
illustrative embodiment of the invention. In some embodiments, the removable coupler 220 is
over-molded with the shaft 205 creating an over-molded structure 222. The over-molded

structure 222 strengthens the connection between the removable coupler 220 and the shaft 205.

[00129] Referring to FIG. 2A, in some embodiments, the retractor member 210 can rest on
the tongue base mucosa. The retractor member 210 of the implantable tissue retractor 200 can
provide a forward force on the tongue base mucosa thereby preventing tongue collapse and
obstruction during sleep. The retractor member 210 can distribute force comfortably to the
tongue base. In some embodiments the length of retractor member is about 1 millimeter to about
300 millimeters. In one embodiment the length of the retractor member is about 10 millimeters.
In some embodiments the width of the retractor member is about 0.1 millimeters to about 5
millimeters. In one embodiment the width of the retractor member is about 1 millimeter.
However, what is comfortable to one patient may not be comfortable to another patient. For
example, the dimensions would be smaller if a tissue retractor was implanted in a child and the
dimensions would be larger if a tissue retractor was implanted in an adult. In some
embodiments, the retractor member 210 has alternative shapes to compensate for the variable
tongue shape of sleep apnea patients. Moreover, some patients prefer a translucent retractor

member so that the retractor member can be less visible to the general public.

[00130] For example, referring to FIGS. 3A to 3J, the retractor member 210 of
FIG. 2A can take on various shapes. FIG. 3A is a schematic illustration of a retractor member
oriented at an angle 300 to a shaft 310, according to an illustrative embodiment of the invention.
When the retractor member is oriented at an angle 300 to the shaft 310, the retractor member 300

distributes a greater force to the downward facing portion 302 of the retractor member 300 and a
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lesser force to the upward facing portion 304 of the retractor member 300.

[00131] FIG. 3B is a schematic illustration of an off-centered oval head retractor
member 320, according to an illustrative embodiment of the invention. In this embodiment, the
shaft 310 is located towards one side of the retractor member 320. In this configuration, the
force applied by the off-centered oval head retractor member 320 is distributed to the portion of
the soft tissue that is in contact with the downward facing portion 325 of the off-centered oval

head retractor member 320.

[00132] FIG. 3C is a schematic illustration of a saddle-shaped retractor member 330,
according to an illustrative embodiment of the invention. In this embodiment, the shaft 310 is
located in the center of the retractor member 330. In this configuration, the force applied by the
saddle-shaped retractor member 330 is distributed to the portion of the soft tissue that is in
contact with the two downward facing portions 332, 334 of the saddle-shaped retractor member
330. A lesser amount of force is distributed to the portion of the soft tissue that is in contact with

the raised portion 336 of the saddle-shaped retractor member 330.

[00133] FIG. 3D is a schematic illustration of a half saddle-shaped retractor member 340,
according to an illustrative embodiment of the invention. In this embodiment, the shaft 310 is
located approximately in the center of the retractor member 340. In this configuration, the force
applied by the half saddle-shaped retractor member 340 is distributed to the portion of the soft
tissue that is in contact with the single downward facing portion 342 of the half saddle-shaped
retractor member 340. A lesser amount of force is distributed to the portion of the soft tissue that

is in contact with the flat portion 344 of the half saddle-shaped retractor member 340.

[00134] FIG. 3E is a schematic illustration of a single rod-shaped retractor member 350,
according to an illustrative embodiment of the invention. In this embodiment, the shaft 310 is
located approximately in the center of the retractor member 350. In this configuration, the force
applied by the rod-shaped retractor member 350 is distributed approximately evenly along the
length of the rod 352.

[00135] FIG. 3F is a schematic illustration of a crossed rod-shaped retractor member 360,
according to an illustrative embodiment of the invention. In this embodiment, the shaft 310 is
located approximately in the center of the retractor member 360. In this configuration the force

applied by the crossed rod-shaped retractor member 360 is distributed approximately evenly
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along the first and second rod 362, 364.

[00136] FIG. 3G is a schematic illustration of a retractor member 370 and internal
reinforcing member 375, according to an illustrative embodiment of the invention. In this
embodiment the shaft 310 is located approximately in the center of the retractor member 370.
FIG. 3G shows the retractor member 370 in use with an X-shaped internal reinforcing member
375. Although FIG. 3G shows an oval-shaped retractor member, any shape retractor member
can be used (for example, the retractor members of FIGS. 3A-3F). In addition, although FIG. 3G
shows an X-shaped internal reinforcing member, any shape internal reinforcing member can be
used (for example, the internal reinforcing member of FIGS. 3H-3J). The retractor member 370
can be made from a translucent material, for example silicon, to make sure that the retractor

member is not visible to the general public.

[00137] FIG. 3H is a schematic illustration of a an X-shaped internal reinforcing member
375, according to an illustrative embodiment of the invention. In this embodiment, the shaft 310
is located approximately in the center of the X-shaped internal reinforcing member 375. In this
configuration the force applied by the X-shaped internal reinforcing member 375 is distributed

approximately evenly along the long arm 376 and the short arm 378.

[00138] FIG. 31 is a schematic illustration of a disc-shaped internal reinforcing member
380, according to an illustrative embodiment of the invention. In this embodiment the shaft, 310
is located approximately in the center of the disc-shaped internal reinforcing member 380. In
this configuration the force is applied by the disc-shaped internal reinforcing member 380
approximately evenly along the disc. In some embodiments the disc is approximately circular

and in other embodiments the disc is approximately oval-shaped.

[00139] FIG. 3J is a schematic illustration of a rectangular-shaped internal reinforcing
member 390, according to an illustrative embodiment of the invention. In this embodiment, the
shaft 310 is located approximately in the center of the rectangular-shaped internal reinforcing
member 390. In this configuration the force is applied by the rectangular-shaped internal
reinforcing member 390 approximately evenly along the rectangle. In some embodiments the
internal reinforcing member is approximately rectangular-shaped and in other embodiments the
internal reinforcing member is approximately square-shaped.

[00140] FIGS. 3A-3F show some examples of the different types of shapes of a retractor

member and FIGS. 3J-31 show some examples of the different types of shapes of an internal
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reinforcing member to a retractor member. In some embodiments the retractor member and
internal reinforcing member will have other shapes that are not shown in FIGS. 3A-3J but are
still considered to be within the scope of the invention, for example in one embodiment, the
retractor member and/or the internal reinforcing member is triangularly shaped. The shape of the
retractor member and internal reinforcing member will largely depend on the needs of a specific
patient. For example, the shape of tongue can dictate which retractor member and/or internal
reinforcing member shape will be most effective in curing OSAS. In addition, the patient’s
comfort may dictate the specific retractor member and/or internal reinforcing member shape

used since patients may find one shape more comfortable than another shape.

[00141] The retractor member of the implantable tissue retractor can be made from a
variety of different materials. In some embodiments the retractor member is made of a flexible
material, for example silicon. A flexible material can be more comfortable to a patient. In other
embodiments, the retractor member is made of a rigid material, for example stainless steel.
When the retractor member is made from a rigid material the retractor member is prevented from
folding up and being pulled into the tongue by the shaft. In addition, the retractor member can
be made more resilient to folding by increasing the depth of the retractor member, for example
increasing the depth to from about 1 millimeter to about 2 millimeters. The depth of the retractor
member can range from about 0.1 millimeters to about 5 millimeters. In some embodiments, the
depth of the retractor member can be increased uniformly throughout the entire retractor
member. In other embodiments, the depth of the retractor member can be increased only in
certain locations. In other embodiments, the retractor member can be made more resilient to

folding by using specific shapes, such as a convex shape or a saddle-shape.

[00142] In some embodiments, the retractor member can be made more resilient to folding
by including stiffer internal components, for example the internal reinforcing member of FIGS.
3G-3J. For example, the retractor member can include a stiffer, disc-shaped internal component
that stiffens the retractor member along all axes. In other embodiments, the retractor member
can include a stiffer, rod-shaped internal component that stiffens the retractor member along a
single, specific axis. In some embodiments, the retractor member is composed of a
biocompatible material that is comfortable and non-reactive (for example silicon) while the
internal reinforcing member can impart mechanical stiffness, thereby preventing folding of the
retractor member. The internal reinforcing member can be made from any material that imparts

a greater mechanical stiffness that the retractor member. For example, the retractor member can
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be made of silicon and the internal reinforcing member can be made of stainless steel.

[00143] Referring to FIG. 2A, in some embodiments, to allow for easier locking of the
shaft 205 after the implantable tissue retractor 200 is implanted into a patient’s oral cavity or
pharynx, the shaft 205 can contain at least one securing feature 230. The securing feature 230
can being any shape that allows for easier locking of the shaft 205. In some embodiments, the
securing feature is a protuberance (for example a ridge or a bump) and in other embodiments the

securing feature is a cavity.

[00144] FIGS. 4A-4G show some examples of the different embodiments of securing
features that can be used to allow for easier locking of the shaft after the implantable tissue
retractor is implanted into a patient’s oral cavity of pharynx. FIG. 4A is a schematic illustration
of a ridge-type securing feature 400, according to an illustrative embodiment of the invention,
and FIG. 4B is an exploded view of a ridge-type securing feature 400, according to an illustrative
embodiment of the invention. At least one ridge-type securing feature 400 can be located along
the shaft 405 of the implantable tissue retractor. In some embodiments, the implantable tissue
retractor has one ridge-type securing feature 400 located along the shaft 405. In other
embodiments, the implantable tissue retractor has multiple ridge-type securing features 400
located along the shaft 405. In some embodiments, the ridge-type securing feature 400 is
partially circumferential, for example, at least part of the ridge is not present and the core shaft

surface 405 is continuous.

[00145] FIG. 4C is a schematic illustration of a bump-type securing feature 410, according
to an illustrative embodiment of the invention, and FIG. 4D is an exploded view of a bump-type
securing feature 410, according to an illustrative embodiment of the invention. At least one
bump-type securing feature 410 can be located along the shaft 405 of the implantable tissue
retractor. In some embodiments, the implantable tissue retractor has one bump-type securing
feature 410 located along the shaft 405. In other embodiments, the implantable tissue retractor

has multiple bump-type securing features 410 located along the shaft 405.

[00146] FIG. 4E is a schematic illustration of an aperture-type securing feature 420,
according to an illustrative embodiment of the invention, and FIG. 4F is an exploded view of an
aperture-type securing feature 420, according to an illustrative embodiment of the invention. At
least one aperture-type securing feature 420 can be located along the shaft 405 of the implantable

tissue retractor. In some embodiments, the implantable tissue retractor has one aperture-type
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securing feature 420 located along the shaft 405. In other embodiments, the implantable tissue

retractor has multiple aperture-type securing features 420 located along the shaft 405.

[00147] FIG. 4G is a schematic illustration of a cavity-type securing feature 430,
according to an illustrative embodiment of the invention. At least one cavity-type securing
feature 430 can be located along the shaft 405 of the implantable tissue retractor. In some
embodiments, the implantable tissue retractor has one cavity-type securing feature 430 located
along the shaft 405. In other embodiments, the implantable tissue retractor has multiple cavity-

type securing features 430 located along the shaft 405.

[00148] FIGS. 4A-4G show some examples of the different embodiments of securing
features. In some embodiments the securing feature will have other shapes that are not shown in
FIGS. 4A-4G but are still considered to be within the scope of the invention. The securing
feature can have any shape will allow an anchor member to easily engage the securing feature.
In some embodiments the shaft 405 can contain multiple types of securing features. For
example, referring to FIG. 4G, the shaft 405 contains both cavity-type securing features 430 and
bump-type securing features 410. Any combination of securing features is within the scope of

the invention.

[00149] In some embodiments, the securing feature is integrally formed with the shaft of
an implantable tissue retractor. For example, the securing feature can be a change in the material
of the shaft. If the shaft is made of a silicon material, the shaft could be over-molded with a
firmer grade silicon. The firmer grade silicon will act as a securing feature. In other
embodiments, the internal component of the shaft is made of a firmer material than the external
component of the shaft. For example, a firmer grade silicon can be over-molded with a softer

grade silicon.

[00150] In some embodiments, the securing features are spaced at equal intervals. In
other embodiments, the space between the securing features varies. The securing features can
allow a surgeon to adjust the tension of the tissue retractor without having to directly measure
the tension. For example, the surgeon can move an anchor member to a securing feature closer
to the retractor member to increase the tension of the tissue retractor. The surgeon can also
move an anchor member to a securing feature further from the retractor member to decrease the
tension of the tissue retractor. In some embodiments, the tension of the shaft at different

locations of the securing feature are measured and marked on the implantable tissue retractor
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before it is implanted. Therefore, when the surgeon moves the anchor member to a particular
securing feature, the surgeon will know the tension based on the measurements on the shaft or

securing feature.

[00151] Referring to FIG. 2A, the shaft 205 can be of uniform thickness throughout its
length or it can have variations in its thickness. The variations in the thickness of the shaft 205
serve several different functions. In some embodiments the implantable tissue retractor 200 has
a removable coupler 220 that is a suture. The suture can have a thickness of about 0.1
millimeters to about 2 millimeters and the shaft 205 can have a thickness of about 5 millimeters
to about 1 millimeter. The abrupt decrease in thickness between the shaft 205 and the removable
coupler 220 can cause the implantable tissue retractor 200 to face resistance when the
implantable tissue retractor is implanted in the soft tissue of a patient. In addition, the abrupt
decrease in the thickness between the shaft 205 and the removable coupler 220 can also lead to
the implantable tissue retractor breaking at the abrupt change of thickness when the implantable
tissue retractor 200 is bent to be implanted into the soft tissue (see, e.g., FIG. 17). Therefore, in
some embodiments the implantable tissue retractor 200 has a lead-in taper 235. The lead-in
taper 235 is located at or near the second end 225 of the shaft 205. The lead-in taper 235 can
taper from approximately the thickness of the shaft 205 to the thickness of the removable coupler
220. The lead-in taper 235 can cause a gradual increase in thickness as the shaft 205 is
implanted into the soft tissue of a patient. The lead-in taper 235 thus deceases the resistance the

implantable tissue retractor faces when it is implanted into the soft tissue of a patient.

[00152] In other embodiments, the implantable tissue retractor 200 has a stress-zone taper
240. One area of great stress of the implantable tissue retractor 200 is where the shaft 205 and
the retractor member 210 are connected. Failure at this point is undesirable because the retractor
member 210 would disconnect and be freely mobile in the hypopharynx of the patient. In some
embodiments, the connection between the shaft 205 and the retractor member 210 is
strengthened by molding the retractor member 210 and the shaft 205 together as one piece, rather
than bonding two separate pieces. In other embodiments, a stress-zone taper 240 is located at the
connection between the shaft 205 and the retractor member 210. The stress-zone taper 240 is
thickest at the connection between the shaft 205 and the retractor member 210 and decreases in

thickness as the stress-zone taper 240 tapers toward the removable coupler 220.

[00153] In other embodiments, fillets (not shown) can be design features in the molded

part of the connection between the shaft 205 and the retractor member 210 to reduce the sharp
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transition from the shaft 205 thickness to the retractor head 210. This reduces the stress
concentrator at the connection between the shaft 205 and the retractor member 210. In other
embodiments, a thin element (not shown) having a high tensile strength (for example, a stainless

steel wire) can be molded or over-molded at the connection between the shaft 205 and the

retractor member 210.

[00154] In other embodiments, the shaft 205 can have an intermediate portion (not shown)
located between the first end 215 and the second end 225 of the shaft 205. The first end 215 of
the shaft 205 has a first thickness. The intermediate portion has a second thickness. In some
embodiments the first thickness is greater than the second thickness. In one embodiment, the
intermediate portion (also called the planned failure zone) is located at or near the removable
coupler 220. The planned failure zone allows the implantable tissue retractor 200 to separate
into two parts if a failure occurs. The two parts can be a small portion of the shaft 205 located
near the removable coupler 220 and the retractor member 210 and a larger portion of the shaft
205. The larger portion of the shaft 205 with the retractor member 210 will expel into the
pharyngeal area. An advantage of a planned failure zone located at the second end 225 of the
shaft 205 is that the first end 215 will take a lot of time to work its way out of the soft tissue of
the patient. The movement of the retractor member 210 when the implantable tissue retractor
fails, provides ample warning to the patient. The patient is prepared to swallow or spit out the
implantable tissue retractor 200 when the implantable tissue retractor 200 is free from the soft
tissue of the patient. The failure zone taper can uniformly taper towards the site of the planned

failure or the failure zone taper can be abrupt at the site of the planned failure.

[00155] In some embodiments, the implantable tissue retractor 200 further comprises an
anchor member. In one embodiment the anchor member is about 5 millimeters in length. The
anchor member comprises a locking member and a pad. The anchor member is connected to the
shaft 205 of the implantable tissue retractor 200 after the implantable tissue retractor 200 has
been implanted into the soft tissue of a patient. The anchor member in positioned near the
frenulum and functions to keep the implantable tissue retractor 200 in the soft tissue of the

patient. In some embodiments the locking member is a crimp lock, a slide lock or a clamshell
lock.

[00156] FIGS. 5A-5G show various positions of a slide lock. FIG. 5A is a front view of a
slide lock 500 in a closed position, according to an illustrative embodiment of the invention. In

some embodiments, the slide lock 500 is composed of two elements, an outer element 505 and
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an inner element 510. The outer element 505 serves as a sleeve for the inner element 510 to
slide open or closed. In some embodiments, the outer element 505 has an outer aperture 515.
The aperture 515 is sized to allow a shaft (for example the shaft 205 of the implantable tissue
retractor 200) to pass easily. The inner element 510 can have at least one dimension (for
example, height or width) that is smaller than a shaft (for example, the shaft 205 of the
implantable tissue retractor 200). The inner element 510 can compress against a shaft and lock
the shaft in place. The inner element 510 can slide back to the open position. Sliding the inner
element 510 into the open position can release the slide lock 500 and allow the slide lock to be

removed or repositioned along a shaft.

[00157] FIG. 5B is a schematic illustration of a cut away of a closed slide lock 500 and
shaft 520, according to an illustrative embodiment of the invention. The inner element 510 is
closed against the shaft 520, locking the shaft 520 in place. FIG. 5C is a schematic illustration of
the inner element 510 of a slide lock and shaft 520 in the closed position, according to an
illustrative embodiment of the invention. In some embodiments, the inner element 510
comprises an inner aperture 525 and an elongated aperture 530. The shaft 520 enters the inner
component 510 through the inner aperture 525. The inner element 510 slides to lock the shaft
520 in the elongated aperture 530. In some embodiments, the elongated aperture 530 is narrower
at a first end 535 and wider at a second end 540. This narrowing at the first end 535 prevents the

shaft 520 from sliding back into the inner aperture 525.

[00158] FIG. 5D is a schematic illustration of a slide lock 500 in a closed position,
according to an illustrative embodiment of the invention. In the closed position, the inner
element 510 is aligned such that the elongated aperture 530 is aligned with the outer aperture 515
of the outer element 505. FIG. 5E is a schematic illustration of a slide lock 500 in an open
position, according to an illustrative embodiment of the invention. In the open position, the
inner element 510 is aligned such that the inner aperture 525 is aligned with the outer aperture

515 of the outer element 505.

[00159] FIG. 5F is a schematic illustration of a slide lock 500 in an open position, an
anchor pad 545 and a shaft 520, according to an illustrative embodiment of the invention. When
the slide lock 500 is in the open position, the inner element 510 protrudes from the outer element
505, allowing the outer aperture and the inner aperture to align. The alignment between the
inner and outer apertures allows the slide lock to move along the shaft 520. Depending on the

direction the slide lock is moving along the shaft 520, the tension of the tissue retractor will



WO 2010/045546 PCT/US2009/060991
27-

increase or decrease.

[00160] FIG. 5G is a schematic illustration of a slide lock 500 in a closed position, an
anchor pad 454 and a shaft 520, according to an illustrative embodiment of the invention. When
the slide lock 500 is in the closed position, the inner element 510 no longer protrudes from the
outer element (compare FIG. 5F and FIG. 5G). The shaft is locked in place and the tension of

the tissue retractor is set.

[00161] FIGS. 6A-6H show various embodiments of an anchor pad. FIG. 6A isa
schematic illustration of a flat anchor pad 600, according to an illustrative embodiment of the
invention. The anchor pad 600 can interface with the soft tissue to distribute counterforce over a
large surface area. In some embodiments, the anchor pad does not mechanically couple to the
shaft directly. In one embodiment, the anchor pad interfaces with a locking member to obtain

counterforce and distributes that counterforce to the soft tissue.

[00162] In some embodiments, the anchor pad 600 has a pad aperture 605. The pad
aperture 605 is sized to allow a shaft of a tissue retractor to slide through the pad aperture 60S.
In some embodiments, the anchor pad 600 has a recess 610. The recess 610 is capable of

receiving a locking member.

[00163] FIG. 6B is a schematic illustration of a curved anchor pad 620, according to an
illustrative embodiment of the invention. The curved anchor pad 600 has a pad aperture 605,
sized to allow a shaft of a tissue retractor to slide through the pad aperture 605. In some
embodiments, the curved anchor pad 620 has a recess 610. The recess 610 allows a locking

member to nest in the anchor pad 600.

[00164] The shape of the curved anchor pad 620 has many functionalities. The curvature
allows the anchor pad to interface with the soft tissue of a patient. In particular, the curvature
allows the anchor pad to contact a soft tissue located in the patient’s oral cavity or pharynx and
distribute a force across the soft tissue, for example the frenulum. In some embodiments the
arch of the curve varies depending on the needs of the patient. For example, the arch of the
curve can vary to make the pad more comfortable for the patient. The arch of the curve can also
be varied to distribute the counterforce to different locations of the soft tissue. Since the
frenulum is wedge shaped, the curve of the anchor pad can go down both sides of the wedge-

shaped frenulum. In addition, the height of the anchor pad can be minimized since the resting
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position of the tongue allows minimal space between the tongue and the floor of the mouth.

Furthermore, the anchor pad can be made from a flexible material, for example silicon, to

conform to the patient by deforming the anchor pad to the patient’s contours.

[00165] FIG. 6C is a front view of a curved anchor pad 620, according to an illustrative
embodiment of the invention. The height between points C1 and C2 is approximately 8
millimeters. In some embodiments, the height between points C1 and C2 is varied depending
upon the particular requirements of the patient. For example, the height between points C1 and

C2 can be approximately 0.1 millimeters to approximately 20 millimeters.

[00166] In some embodiments, the curved anchor pad 620 is made of a translucent or
transparent material. Some patients will prefer that the tissue retractor be invisible to the general
public. To accomplish this, the curved pad 620 can be made of a translucent or transparent
material such as silicon or other translucent, elastic materials. In this embodiment, the patient is
not subject to any social stigma about the patient’s OSAS because the general public is not aware

of the patient’s condition.

[00167] In other embodiments, the material of the pad is selected based on the need to
have the curved pad 620 be made of a rigid material. For example, the curved pad 620 can be
made out of stainless steel, titanium, silver, polyacrylic, polycarbonate, nitinol, acrylonitrile
butadiene styrene (“ABS”) or polytetrafluoroethylene (“PTFE”). In some embodiments, pad is
made of a less rigid material. For example, a patient may not be comfortable when an anchor
pad is made from a rigid material. Therefore, the anchor pad can be made from an elastic

material such as silicon or foam.

[00168] FIG. 6D is a top view of a curved anchor pad 620, according to an illustrative
embodiment of the invention. The length between points D1 and D2 is approximately 16.5
millimeters. In some embodiments, the length between points D1 and D2 is varied depending
upon the particular requirements of the patient. For example, the height between points D1 and

D2 can be approximately 1 millimeter to approximately 100 millimeters.

[00169] FIG. 6E is a side view of a curved anchor pad 620, according to an illustrative
embodiment of the invention. The curved pad 620 can be made from a variety of materials,
including silicon and stainless steel. The specific material used to make the curved pad 620 will

largely depend on the patient.
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[00170] FIG. 6F is a perspective view of a curved anchor pad 620, according to an
illustrative embodiment of the invention. In some embodiments, the depth of the recess 610 is
varied to accommodate varying locking members. The depth of the recess 610 can also be
varied for the comfort of the patient to allow a locking member to fully sit within the recess 610,
thereby removing potential irritating projections. For example, the depth of the recess can be
approximately 0.1 millimeters to approximately 5 millimeters. In some embodiments, the anchor

pad does not have a recess to allow for easier access to the locking member.

[00171] FIG. 6G is a top perspective view of a curved pad 620, according to an illustrative
embodiment of the invention. The height between points G1 and G2 is approximately 8.7
millimeters. In some embodiments, the height between points G1 and G2 is varied depending
upon the particular requirements of the patient. For example, the height between points G1 and
G2 can be approximately 0.01 millimeters to approximately 10 millimeters. When the anchor

pad is flat, the height between points G1 and G2 is zero.

[00172] FIG. 6H is a side perspective view of a curved pad 620, according to an
illustrative embodiment of the invention. The side 625 can have a variety of shapes. In some
embodiments, the side 625 is tapered into a curve 630. In other embodiments, the side 625 is
square-shaped or rectangularly-shaped. The shape of the side 625 will largely depend on what is

comfortable for a specific patient.

[00173] FIGS. 7A-7D show various views of a spherical anchor member. FIG. 7Aisa
schematic illustration of a spherical anchor member 700 in a halfway closed position. The
spherical anchor member 700 comprises an inner element 710 and a spherical element 720.
When the spherical anchor member 700 is in a locked position, the inner element 710 is fully
enclosed within the spherical element 720, creating a fully spherical shape. When the spherical
anchor member 700 is in an open position, the inner element 710 is not fully enclosed within the

spherical element 720.

[00174] FIG. 7B is a schematic illustration of the inner element 710 of a spherical anchor
member, according to an illustrative embodiment of the invention. In some embodiments, the
inner element 710 has a stopper 730. When the inner element 710 is inserted into a spherical
anchor member, the stopper 730 acts to keep the inner element 710 from inserting too far into a
spherical member. In some embodiments, the inner element 710 has an inner aperture 740 sized

to allow a shaft of a tissue retractor to slide through the inner aperture 740. In other
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embodiments, the inner element 710 has an elongated aperture 750. When the spherical anchor
member is in a closed position, the elongated aperture 750 engages a shaft of a tissue retractor,
locking the tissue retractor in place. In some embodiments, the elongated aperture 750 is
narrower at a first end 760 and wider at a second end 770. This narrowing at the first end 760

prevents a shaft of a tissue retractor from sliding back into the inner aperture 740.

[00175] FIG. 7C is a schematic illustration of a spherical anchor member 700 in a closed
position, according to an illustrative embodiment of the invention. When the spherical anchor
member 700 is in the closed position, the inner element 710 no longer protrudes from the outer
element (compare FIG. 7A and FIG. 7C). The shaft is locked in place and the tension of the

tissue retractor is set.

[00176] FIG. 7D is a schematic illustration of a spherical anchor member 700 in an open
position, according to an illustrative embodiment of the invention. In some embodiments, the
spherical component 720 has an aperture 780. When the aperture 780 of the spherical
component 720 is aligned with the inner aperture 740 a shaft can slide through the aligned
apertures 780, 740. When the shaft is in the desired position or at a desired tension, the inner

element 710 can slide shut, locking the shaft in place.

[00177] In some embodiments, the spherical anchor member 700 combines the anchor
member and the locking member into one unit. The spherical anchor member 700 tends to be
the softest and most comfortable anchor member to a patient, mainly because there are no

protrusions from the spherical anchor member 700.

[00178] FIG. 8 is a schematic illustration of a tissue retractor 800 according to an
illustrative embodiment of the invention. The tissue retractor 800 comprises a shaft 805. The
shaft 805 is sized for insertion into a soft tissue located in a patient’s oral cavity or pharynx. The
shaft 805 has at least one securing feature 810. The tissue retractor 800 also comprises a
retractor member 815 connected at or near the first end 820 of the shaft 805. The tissue retractor
also comprises an anchor member 825 engagable by at least one securing feature 810. In some
embodiments, at least one of the shaft 805, the retractor member 815, or the anchor member 825
is positionable on a surface of the soft tissue. At least one of the shaft 805, the retractor member
803, or the anchor member is adjustable to vary a force that prevents a deformation of at least a

portion of the soft tissue to prevent obstruction of a patient’s airway.
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[00179] In some embodiments, the anchor member 825 comprises a locking member 830
and a pad 835. The pad 835 is capable of distributing a force across the soft tissue. In some
embodiments, the pad 835 has a recess (not shown). The recess is capable of receiving a locking

member.

[00180] In some embodiments the securing feature 810 is a protuberance, a cavity, or an
aperture (see, €.g., FIGS. 4A-4G). In some embodiments the locking member 830 is a slide lock

or a clamshell lock.

[00181] In some embodiments the retractor member 815 is a disc shaped, rod shaped,
cross-rod shaped, triangularly shaped, saddle shaped, half-saddle shaped, oval shaped or
rectangularly shaped (see, e.g., FIGS. 3A-3)).

[00182] In some embodiments, the tissue retractor 800 has a first end 820 and a second
end 840. The first end 820 has a first thickness. An intermediate portion (not shown) is located
between the first end 820 and the second end 840. The intermediate portion has a second
thickness. The second thickness is less than the first thickness. Where the first thickness meets
the second thickness, a junction (not shown) is formed. In one embodiment, the junction is
located at or near the anchor member 825. The junction can be the end of a taper or it can be an

abrupt change (e.g., a step change) from the first thickness to the second thickness.

[00183] In some embodiments the junction is a planned failure zone. The planned failure
zone allows the tissue retractor to break at or near the anchor member. A benefit of this feature
is that the patient will be alerted to the fact that the tissue retractor broke when the retractor
member starts to the move. The patient will have enough time to either swallow or spit out the

tissue retractor as it exits the soft tissue.

[00184] In some embodiments, the pad is adapted to be removed from the shaft without
removing the locking member from the shaft. In one embodiment, the pad has a slot from the
aperture to the outside edge of the pad. If the pad needs to be replaced or if the patient is
uncomfortable with that particular pad, a doctor can slide the pad around the shaft using the slot.
In some embodiments, a new pad can be slid onto the shaft. The new pad can be more
comfortable to the patient. In some embodiments, inserting a new pad can adjust the tension of
the tissue retractor. For example, replacing an old pad with a thicker new pad will increase the

tension of the tissue retractor. Similarly, replacing an old pad with a thinner new pad will
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decrease the tension of the tissue retractor.

[00185] FIG. 9A is a schematic illustration of an implantation device 900, according to an
illustrative embodiment of the invention. In some embodiments, the implantation device is used
to penetrate the soft tissue of the patient. In one embodiment, the implantation device is used to
pull a tissue retractor through the soft tissue of a patient. The implantation device comprises a
shaft 905. The shaft 905 has a pointed end 910 and a second end 915. The implantation device
900 also has a first mechanical coupler 920 near the pointed end 910 of the shaft 905. The first
mechanical coupler 920 is adapted to couple with a removable coupler of a tissue retractor (not
shown). The implantation device 900 also has a handle 925 at the second end 915 of the shaft
90S.

[00186] FIG. 9B is a schematic illustration of the pointed end 910 of an implantation
device 900, according to an illustrative embodiment of the invention. In some embodiments the
pointed end of the implantation device is bullet shaped. In one embodiment one or more cutting
facets can be added to the pointed end of the implantation device to allow easier passage of the

of the implantation device through the soft tissue.

[00187] FIG. 9C is a schematic illustration of a mechanical coupler of an implantation
device, according to an illustrative embodiment of the invention. In some embodiments, the first
mechanical coupler 920 comprises a cleft. The cleft in the implantation device 900 interfaces
with a suture loop 930 to capture the suture and allow the tissue retractor to be pulled into the
tongue. In inner end 935 of the cleft can narrow to a width slightly thinner than the suture loop
930 diameter to securely lock the suture into the cleft. In another embodiment, the cleft can have
depth slightly shorter than the suture loop thickness. The suture loop is slightly compressed and
held in place by friction.

[00188] In some embodiments the first mechanical coupler (e.g., 920) comprises a suture,
a magnet, a vacuum, an adhesive, a screw, or a hook, e.g., in place of the cleft depicted in FIGS.
9A-9E. In some embodiments, the removable coupler of the tissue retractor comprises a suture,

a magnet, a vacuum, an adhesive, a screw, or a hook.

[00189] FIG. 10A is a schematic illustration of an implantation device 1000 with a
releasable locking member 1010 in the open position, according to an illustrative embodiment of

the invention. FIG. 10C is a schematic illustration of an implantation device 1000 with a
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releasable locking member 1010 in the closed position, according to an illustrative embodiment
of the invention. In some embodiments a groove (not shown) runs the length of the implantation
device 1000. The groove can contain a rod (not shown) that slides within the groove. A distal
end of the rod can be aligned with the opening of the mechanical coupler 1030. A sliding action
of the rod within the groove can be used to actuate the mechanical coupler 1030, e.g., between

open and closed positions.

[00190] In some embodiments, the rod can be in a closed position when the implantation
device is inserted through the soft tissue so that the soft tissue is not irritated by the mechanical
coupler. When the implantation device penetrates the soft tissue, the rod can slide to an open
position, allowing the mechanical coupler to capture the removable coupler of the implantable
tissue retractor. The rod can then slide back to a closed position as the implantation device is

withdrawn through the soft tissue, thereby implanting the implantable tissue retractor.

[00191] In some embodiments, when the rod is sliding back and forth along the
implantation device, the rod is accessible to a surgeon. In one embodiment, a protuberance on
the rod allows the doctor to push the rod forward or backwards by manipulating the rod with one
or more fingers. In other embodiments, other control mechanisms, for example a handle with a

trigger interfacing with the rod, are used.

[00192] In another embodiment, the releasable locking member 1010 is a sheath. In this
embodiment, the implantation device is partially or fully surrounded by a sheath. The sheath can
fit over the implantation device like a tube and can slide along the implantation device. In one
embodiment, the sheath is advanced to cover the mechanical coupler 1030 to lock a removable
coupler of a tissue retractor in place (FIG. 10C). In another embodiment, the sheath is advanced
further up the implantation device to cover the pointed end 1020 thus preventing the pointed end

1020 from accidently penetrating the soft tissue.

[00193] FIG. 10B is a schematic illustration of a releasable locking member control
mechanism 1050 in the open position, according to an illustrative embodiment of the invention.
FIG. 10D is a schematic illustration of a releasable locking member control mechanism 1050 in
the closed position, according to an illustrative embodiment of the invention. In some
embodiments the releasable locking member control mechanism 1050 is contained within a
handle 1060 of the implantation device. In one embodiment, the handle 1060 is curved. In some

embodiments, a doctor can manipulate a bar 1070 to move the releasable locking member to an
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open position (FIGS. 10A and 10B) or to a closed position (FIGS. 10C and 10D). In some
embodiments, the sheath is configured to hinder an unintentional disengagement of a removable

coupler of an implantable tissue retractor.

[00194] In some embodiments, the handle 1060 contains a tension meter (not shown).
The tension meter is capable of measuring the tension of a shaft of an implantable tissue
retractor. In some embodiments, the tension meter is a spring tension meter, a belt tension

meter, a mechanical tension meter, or a tension sensor.

[00195] FIG. 11 is a schematic illustration of a tissue retractor holder 1100, according to
an illustrative embodiment of the invention. The tissue retractor holder 1100 comprises a handle
1110. The tissue retractor holder 1100 also comprises a retainer 1120 disposed at a distal end
1115 of the handle 1110. The retainer 1120 releasably retains a removable coupler 1130 of an
implantable tissue retractor 1135. The tissue retractor holder 1100 also comprises a detainer
1140. The detainer 1140 is positioned along the handle 1110. The detainer 1140 releasably
engages an implantable tissue retractor 1135. The retainer 1120 is adapted to provide a force to
a soft tissue of a patient’s oral cavity. The force prevents deformation of the soft tissue when an

implantation device 1150 is inserted into an opposite side of a soft tissue.

[00196] In some embodiments, the retainer 1120 comprises a first forked arm 1122 and a
second forked arm 1124. The first and second forked arms 1122, 1124 can extend from the
distal end 1115 of the handle 1110. In one embodiment, the distal end 1126 of the first forked
arm 1122 is connected to the distal end 1128 of the second forked arm 1124 forming a
continuous surface. In some embodiments, the tissue retractor holder 1100 is curved where the
handle 1110 joins the retainer 1120 to allow the tissue retractor holder 1100 to reach beyond a

tongue base curve.

[00197] In some embodiments, the distal end 1126 of the first forked arm 1122 and the
distal end 128 of the second forked arm 1124 contain grooves 1132, 1134. The grooves 1132,

1134 can engage a removable coupler 1130 of the implantable tissue retractor 1135.

[00198] In some embodiments, the detainer 1140 comprises at least one of a groove, a
clamp or a clip. FIG. 11 depicts the detainer 1140 as a clip that is located along the top and sides
of the tissue retractor holder 1100. The detainer 1140 can be located along the top, bottom, or

sides of the handle 1110 of the tissue retractor holder 1100. In some embodiments, the handle
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1110 of the tissue retractor holder 1100 can contain more than one detainer 1140. In one
embodiment, the detainer 1140 detains more than one implantable tissue retractor 1135. In some
embodiments a surgeon removes the implantable tissue retractor 1135 from the detainer 1140 by

using his/her fingers.

[00199] The detainer 1140 is used to detain an implantable tissue retractor 1135. In some
embodiments, a surgeon can manually insert the implantable tissue retractor 1135 and connect
the removable coupler of the implantable tissue retractor 1135 with the mechanical coupler of
the implantation device. However, there is very little room within the oral cavity for the surgeon
to work. In addition, when the surgeon places his/her fingers into the oral cavity, the surgeon
can block his/her view of the mechanical coupler of the implantation device. Moreover, the oral
cavity is wet due to the patient’s saliva and the surgeon may not be able to maintain a proper grip
on the implantable tissue retractor once the implantable tissue retractor is inserted into the oral
cavity. Therefore, the detainer 1140 is used to detain an implantable tissue retractor. The
detainer allows the implantable tissue retractor to be inserted into the oral cavity of the patient
while providing the surgeon with an improved view of the mechanical coupler of the
implantation device. The surgeon can effectively perform the procedure while maintaining full

sight of the patient’s oral cavity and maintaining a proper grip on the implantable tissue retractor.

[00200] FIG. 12 is a schematic illustration of a guard 1210 of a tissue retractor holder
1200, according to an illustrative embodiment of the invention. The guard 1210 is disposed at or
near the retainer 1220. The guard 1210 is configured to impede an excessive progression of an
implantation device 1230 during implantation of a tissue retractor, thereby protecting the soft
tissue from inadvertent puncture. In some embodiments, the guard has a visor 1240. The visor
1240 is an opening that allows the surgeon to see the implantation device 1230. It is preferable
that the guard 1210 does not block the surgeon’s view of the implantation device 1230. FIG. 12
depicts the detainer 1250 as a groove that is located along the bottom of the tissue retractor
holder 1200.

[00201] One aspect of the invention features a kit for the treatment of a breathing disorder.
The kit comprises an implantable tissue retractor and a tissue retractor holder. The implantable
tissue retractor comprises a shaft sized for insertion into a soft tissue located in a patient’s oral
cavity or pharynx. The tissue retractor also comprises a retractor member disposed at or near a
first end of the shaft. The tissue retractor also comprises a removable coupler connected at or

near a second end of the shaft.
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[00202] The tissue retractor holder comprises a handle and a retention system disposed at
a distal end of the handle. The retention system temporarily retains a removable coupler. The
tissue retractor holder also comprises a detainer positioned on the handle. The detainer is

capable of engaging the implantable tissue retractor.

[00203] In some embodiments, the kit also contains an implantation device. The
implantation device comprises a shaft having a pointed end and a second end. The implantation
device also has a mechanical coupler near the pointed end of the shaft. The mechanical coupler
is adapted to couple with the removable coupler. The implantation device also has a handle at

the second end.

[00204] FIGS. 13-24 depict exemplary methods for the treatment of OSAS. The invention
relates to a reverse threading method for securing an implantable tissue retractor within the soft
tissue of a patient. The method can occur in a doctor’s office under local anesthesia and has

minimal post procedural discomfort.

[00205] FIG. 13 is a schematic illustration of an insertion of an implantation device 1300,
according to an illustrative embodiment of the invention. In some embodiments the tongue 1310
is raised to expose the undersurface 1320 of the tongue 1310. In one embodiment, the
implantation device 1300 is inserted into the midline, corresponding to the edge of the frenulum
of the tongue 1310. In another embodiment, the implantation device 1300 is inserted above the

frenulum into the undersurface 1320 of the tongue 1310.

[00206] In some embodiments, after the implantation device 1300 is inserted, the tongue
1310 is kept straight as the implantation device 1300 advances though the tongue 1310. A
straight tongue allows the implantation device 1300 to penetrate the tongue 1310 at a proper
depth and within the tongue’s midline. In some embodiments, to confirm a desired position, the
implantation device 1300 is palpated within the tongue 1310. In one embodiment, the

implantation device 1300 is angled superiorly to form a bulge of the superior tongue surface.

[00207] FIG. 14 is a schematic illustration of a tenting up 1400 of a soft tissue as the
implantation device 1300 pushes against the soft tissue, according to an illustrative embodiment
of the invention. In some embodiments, when the implantation device 1300 reaches the tongue
base mucosa 1410, the tongue 1310 is retracted downward to provide maximum exposure for the

doctor. The tongue base mucosa 1410 can have more connective tissue than the inside of the
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tongue 1310 and therefore the tongue base mucosa 1410 can resist penetration by the

implantation device 1300 causing the tongue base mucosa 1410 to tent up 1400.

[00208] FIG. 15 is a schematic illustration of the tissue retractor holder 1500 providing
counter pressure, according to an illustrative embodiment of the invention. In some
embodiments, to prevent the tongue base mucosa 1410 from tenting up 1400, a counterforce is
applied to the area of the tongue 1310 where the implantation device 1300 exits. In one

embodiment, the counterforce is applied by a tissue retractor holder 1500.

[00209] In some embodiments, the tissue retractor holder 1500 depresses the tongue 1310
providing more oral cavity space 1510 for the surgeon. Referring to FIG. 14, the oral cavity
space 1420 is minimal providing little room for the surgeon to work. Referring to FIG. 15, the
oral cavity space 1510 is larger when the tissue retractor holder 1500 is used to depress the
tongue 1310 than the oral cavity space 1420 when the tissue retractor holder 1500 is not used to

depress the tongue 1310.

[00210] In some embodiments, the tissue retractor holder 1500 holds the implantable
tissue retractor 1520. In one embodiment, the tissue retractor holder 1500 positions the

removable coupler 1530 so that it can easily be engaged by a mechanical coupler of the

implantation device 1300.

[00211] FIG. 16 is a schematic illustration of a mechanical coupler 1600 of an
implantation device 1300 engaging a removable coupler 1530 of an implantable tissue retractor
1520, according to an illustrative embodiment of the invention. The mechanical coupler 1600 of

the implantation device 1300 is coupled to the removable coupler 1530 of the implantable tissue

retractor 1520.

[00212] In one embodiment, the removable coupler 1610 comprises a suture and the
mechanical coupler 1600 comprises a cleft. In this embodiment, the suture is positioned in the
cleft. In some embodiments the cleft is located toward the tip of the implantation device 1300 so
the implantation device 1300 does not penetrate too far into the oral cavity 1510. In one
embodiment, the cleft is oriented at an optimum position so the suture is positioned deep into the

cleft when the implantation device 1300 is removed.

[00213] In some embodiments, the tissue retractor holder 1500 is pulled slightly backward

to engage the mechanical coupler 1600. In one embodiment where the removable coupler 1530



WO 2010/045546 PCT/US2009/060991
-38-

is a suture, when the tissue retractor holder 1500 is pulled backward the surgeon can feel the
tension created when the suture is pulled against the implantation device 1300. The surgeon can
then slowly pull the implantation device out of the tongue 1310 under the surgeon feels the
mechanical coupler 1600 engage the removable coupler 1530.

[00214] FIG. 17 is a schematic illustration of an implantation device 1300 pulling an
implantable tissue retractor 1520 into a soft tissue, according to an illustrative embodiment of the
invention. In some embodiments, as the implantation device 1300 is withdrawn from the tongue
1310, the implantable tissue retraction 1520 is pulled from the tongue base mucosa 1410,
through the tongue 1310, and out the underside 1320 of the tongue 1310.

[00215] In some embodiments, the implantable tissue retractor 1520 is made from a
flexible material, for example silicon, so that the implantable tissue retractor can bend along the
curve of the tongue 1310.

[00216] In some embodiments, the implantation device comprises an anchor member.
After the implantable tissue retractor is secured within the tongue and before the implantation
device is disengaged from the implantable tissue retractor, the anchor member is slid from the
implantation device onto the implantable tissue retractor. In one embodiment, the anchor
member comprises a locking member and a pad. In this embodiment, the implantation device
comprises both the locking member and the pad and both the locking member and the pad are

slid from the implantation device to the implantable tissue retractor.

[00217] FIG. 18 is a schematic illustration of an implantable tissue retractor 1520 in a soft
tissue, according to an illustrative embodiment of the invention. In some embodiments, the
implantation device (not shown) is removed from the implantable tissue retractor 1520 after the
implantable tissue retractor 1520 is secured within the tongue 1310. The end of the implantable
tissue retractor 1520, including the removable coupler 1530, protrude beneath the tongue 1310

and in some embodiments protrude out of the mouth.

[00218] FIG. 19 is a schematic illustration of an anchor member 1900 being placed on a
shaft 1910, according to an illustrative embodiment of the invention. In some embodiments,
after the implantation device (not shown) has been disengaged from the removable coupler, an
anchor member 1900 is threaded onto the shaft 1910 and secured to the implantable tissue
retractor 1520. The anchor member 1900 provides a counterforce against the undersurface 1320
of the tongue 1310. The counterforce is transmitted through the shaft 1910 to the retractor
member 1920.
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[00219] FIG. 20 is a schematic illustration of an anchor member 1900 in place on a shaft
1910, according to an illustrative embodiment of the invention. In some embodiments, a portion
of the anchor member 1900 sinks into the undersurface 1320 of the tongue 1310. In one
embodiment, the entire anchor member 1900 sinks into the undersurface 1320 of the tongue
1310.

[00220] In some embodiments, the tension from the anchor member 1900 causes the
retractor member 1920 to create a concavity in the tongue base mucosa. This concavity is
desirable because it prevents the soft tissue from collapsing into the oral cavity and causing
OSAS.

[00221] FIG. 21 is a schematic illustration of positioning an anchor member 1900 on a
shaft 1910 using a locking and tensioning tool 2100, according to an illustrative embodiment of
the invention. In some embodiments, a securing force can be established by pulling the distal
end 2110 of the shaft 1910 with a tension meter. In one embodiment, the tension meter is
located within the locking an tensioning tool 2100. As the anchor member 1900 is snug against
the underside 1320 of the tongue 1310, the anchor member 1900 can be locked in place when the
shaft 1910 is measured to be at a sufficient tension. After the anchor member 1900 is locked in
place, the remainder of the shaft 1910 that is protruding from the underside 1320 of the tongue

1310 is removed.

[00222] The amount of securing force needed to prevent OSAS varies depending on the
individual. In some embodiments, the securing force is between about zero to about 1000 grams.
In some embodiments, the securing force is between about 5 to about 200 grams. In some
embodiments, the securing force is between about 10 to about 75 grams, In one embodiment, the

securing force is about 25 grams.

[00223] FIG. 22 is a schematic illustration of setting the tension and locking the anchor
member 1900 in place on a shaft 1910, according to an illustrative embodiment of the invention.
In some embodiments, a locking and tensioning tool 2100 is used to hold the anchor member
1900 for positioning along the shaft 1910. In one embodiment, the locking and tensioning tool
2100 is capable of locking and unlocking the anchor member 1900. In some embodiments, the
locking and tensioning tool 2100 has a thumb lock 2200. A doctor can use the thumb lock 2200
to lock and unlock the anchor member 1900. For example, when the doctor pushes the thumb

lock 2200 forward, the locking mechanism 2210 is in the back position and the anchor member
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1900 is locked.

[00224] In some embodiments, the amount of securing force is established by adjusting
the length of the shaft. For example, shortening the shaft of the implantable tissue retractor
results in a greater tension. Lengthening the shaft of the implantable tissue retractor results in
less tension. In some embodiments, the amount of securing force is adjusted by adjusting a
physical characteristic of the shaft of the implantable tissue retractor. For example, the shaft
could be made of a material that has a higher elasticity, thereby decreasing the amount of force
applied to the soft tissue or the shaft could be made of a material with a lower elasticity, thereby

increasing the amount of force applied to the soft tissue.

[00225] FIG. 23 is a schematic illustration of unlocking the anchor member 1900 using a
locking and tensioning tool 2100, according to an illustrative embodiment of the invention. A
doctor can use the thumb lock 2200 to lock and unlock the anchor member 1900. For example,
when the doctor pushes the thumb lock 2200 backward, the locking mechanism 2210 is in the

forward position and the anchor member 1900 is unlocked.

[00226] FIG. 24 is a schematic illustration of a tissue retractor 2400 in place in a soft
issue, according to an illustrative embodiment of the invention. After the implantable tissue
retractor is inserted into the soft tissue of a patient, the excess portions of the implantable tissue

retractor, including a portion of the shaft if necessary, and the removable coupler, are removed.

[00227] In some embodiments, a patient needs to have two tissue retractors inserted into
the soft tissue to cure OSAS. For example, a patient may have an excessive amount of soft
tissue blocking the patient’s airway. In some situations, a patient will require two or more tissue
retractors to be implanted at different locations to obtain the proper amount of force along the
soft tissue and to place the force in the correct location(s). In some embodiments, the two tissue
retractors that are used will be similar and in other embodiments the two tissue retractors that are

used will be different.

[00228] In the situation where two tissue retractors are implanted into the soft tissue of a
patient, the steps described in FIGS. 13-24 are repeated a second time. For example, after a first
tissue retractor is inserted into the soft tissue of a patient, a tissue retractor implantation device
can be inserted into a second location of a soft tissue located in a patient’s oral cavity or pharynx.

The tissue retractor implantation device includes a mechanical coupler. A second implantable
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tissue retractor is inserted into the oral cavity or pharynx. In some embodiments, a tissue
retractor holder is used to insert the second implantable tissue retractor into the oral cavity or
pharynx. The second implantable tissue retractor comprises a second shaft, a second retractor
member disposed at or near a first end of the shaft, and a second removable coupler disposed at
or near a second end of the shaft. The second removable coupler is engaged. In some
embodiments, the second removable coupler is engaged by the mechanical coupler of the tissue
retractor implantation device. The mechanical coupler of the tissue retractor implantation device
is withdrawn to secure at least a portion of the second implantable tissue retractor within the soft
tissue. A second anchor member is secured to the second end of the second shaft of the second
implantable tissue retractor. The second implantable tissue retractor is thus secured within the

soft tissue of the patient. Any excess second shaft and the second removable coupler are

removed.

[00229] In some embodiments, a patient needs to have two different tissue retractors that
have a single retractor member. This embodiment is particularly useful if the retractor head is
off center from the shaft. For example, after a first tissue retractor is inserted into the soft tissue
of a patient, a tissue retractor implantation device is inserted into a second location of a soft
tissue located in a patient’s oral cavity or pharynx. The tissue retractor implantation device
includes a mechanical coupler. A second implantable tissue retractor is inserted into the oral
cavity or pharynx. In some embodiments, a tissue retractor holder is used to insert the second
implantable tissue retractor into the oral cavity or pharynx. The second implantable tissue
retractor comprises a second shaft and a second removable coupler disposed at or near a second
end of the shaft. The second removable coupler is engaged. In some embodiments, the second
removable coupler is engaged by the mechanical coupler of the tissue retractor implantation
device. The mechanical coupler of the tissue retractor implantation device is withdrawn to
secure at least a portion of the second implantable tissue retractor within the soft tissue. A first
end of the second implantable tissue retractor is secured to the first retractor member of the first
implantable tissue retractor. A second anchor member is secured to the second end of the second
shaft of the second implantable tissue retractor. The second implantable tissue retractor is thus
secured within the soft tissue of the patient. Any excess second shaft and the second removable

coupler are removed.

[00230] The invention also relates to a method of retensioning a tissue retractor. In some

instances, a surgeon or patient will want to adjust the tension of the tissue retractor. For
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example, the patient may be uncomfortable at a particular tension and will ask that the tension be
adjusted. A surgeon may find that a particular tension is not enough to cure OSAS and will

adjust the tension accordingly.

[00231] To retension a tissue retractor, a tissue retractor is located within the soft tissue of
a patient. The tissue retractor comprises a retractor member located at or near a first end of a
shaft and an anchor member located at or near a second end of the shaft. The anchor member is
loosened. In some embodiments, the anchor member is loosened using a locking and tensioning
tool. In other embodiments, the surgeon loosens the anchor member with his/her fingers. An
amount of securing force is established by adjusting the length of the shaft between the retractor
member and the anchor member. The anchor member is resecured to the shaft of the tissue
retractor. In some embodiments, the anchor member is resecured using a locking and tensioning

tool. In other embodiments, the surgeon resecures the anchor member with his/her fingers.

[00232] In some embodiments, the anchor member is comprised of a locking member and
a pad. In these embodiments, the tissue retractor can be retensioned by removing or replacing a
pad. When the pad is removed or if the pad is replaced with a thinner pad, the tension is

decreased. When the pad is replaced with a thicker pad, the tension is increased.

[00233] The invention also relates to methods of replacing tissue retractors. In some

instances, the tissue retractor will wear out over time. For example, the tissue retractor may not
be able to obtain the correct tension because the shaft has been stretched out. In some instances
the tension will need to be reduced but there is an insufficient amount of shaft left to loosen the

tension.

[00234] To replace a first tissue retractor, a tissue retractor is located within the soft tissue
of a patient. The first tissue retractor comprises a first retractor member located at or near a first
end of a first shaft and a first anchor member located at or near a second end of the first shaft.
The first anchor member is removed. The first tissue retractor is extracted from the soft tissue of
the patient. A conduit is located where the first tissue retractor was extracted from the soft tissue
of the patient. A second tissue retractor is implanted along the conduit of the soft tissue of the
patient. The second tissue retractor has a second shaft and a second retractor member located at
or near a first end of the second shaft. An amount of securing force is established against the
soft tissue by adjusting a length of the second shaft. A second anchor member is secured to the

second shaft of the second tissue retractor.
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[00235] In some embodiments the second tissue retractor also comprises a second
removable coupler. The second tissue retractor can be implanted following the same steps as
described in FIGS. 13-24.

[00236] FIG. 25 is a graphical illustration showing a change in apnea/hypopnea index,
according to illustrative embodiments of the invention. The apnea/hypopnea index (“AHI”)
measures the severity of both apneas and hypopneas including sleep disruptions and
desaturations of oxygen in the blood. The index is calculated by dividing the number of apneas
and hypopneas by the total number of hours of sleep. A higher AHI means an individual had
more apneas and hypopneas than a lower AHI. FIG. 25 shows a change in AHI for four different
patients. Each patient had the same tissue retractor design implanted in the patient’s tongue for
the same amount of time, according to the embodiments of the invention. Moreover, the same
surgeon implanted the tissue retractors in each patient at the same hospital. The same facility
monitored each patient’s AHI. All four individuals started with a higher AHI before the tissue
retractor was implanted. Three of the four individuals had a dramatic decrease in AHI after three

nights using the tissue retractor.

[00237] FIG. 26 is a graphical illustration showing a change in obstructive
apnea’hypopnea index (“OAHI™), according to illustrative embodiments of the invention. OAHI
is a measurement used to eliminate central apnea events (i.e., non obstructive apnea events) from
the sleep study reading of AHI, which includes all apnea events. The index is calculated by
dividing the number of obstructive apneas and hypopneas by the total number of hours of sleep.
A higher OAHI means an individual had more obstructive apneas and hypopneas than a lower
OAHI. The same four patients that were tested for AHI in FIG. 25 were tested for OAHI in
FIG> 26. All four patients showed a dramatic decrease in OAHI after the tissue retractor was

implanted into the patient’s tongue.

[00238] FIG. 27 is a graphical illustration illustrating a change in oxygen saturation for
these four patients, according to illustrative embodiments of the invention. This graph measures
the amount of time each patient has an oxygen saturation less than 90%. The same four patients
that were tested for AHI in FIG. 25 and for OAHI in FIG. 26 were tested for oxygen saturation in
FIG. 27. Three of the four patients showed a dramatic decrease in the amount of time the patient
spent with an oxygen saturation of less than 90%. Patient 3 did not show a dramatic decrease
because patient 3 already started with a minimal amount of time spent at less than 90% oxygen

saturation.
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[00239] Implanting a tissue retractor according to the embodiments of the invention, is a
treatment that continues over a long period of time. The testing conducted on the patients as
shown in FIGS. 25-27 was only carried out for three days. As FIGS. 25-27 show, the patients
experience dramatic decreases in the number of apneas and hypopneas and obstructive apneas
and hypopneas. It is expected that the results will get better as the device is implanted for longer
periods of time. For example, one common symptom of OSAS is acid reflux which causes
inflammation of the vocal cords and nasal mucosa. It could take 30 days to fully recover from
the effects of acid reflux. Therefore, it is likely that patients will not see the full benefit of the
tissue retractor treatment for 30 days or more. However, even after just three days with the

tissue retractor, the four patients saw dramatic benefits as shown by FIGS. 25-27.

[00240] While the invention has been particularly shown and described with reference to
specific preferred embodiments, it should be understood by those skilled in the art that various
changes in from and detail may be made therein without departing from the spirit and scope of

the invention as defined by the following claims.
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CLAIMS

What is claimed is:

1. An implantable tissue retractor for treatment of a breathing disorder, the implantable tissue

retractor comprising:

a shaft sized for insertion into a soft tissue located in a patient’s oral cavity or pharynx;

a retractor member at or near a first end of the shaft; and

a removable coupler connected at or near a second end of the shaft;

wherein at least one of a portion of the shaft or the retractor member is positionable on a
surface of the soft tissue, and at least one of the shaft, retractor member, or removable coupler is
adjustable to vary a force to prevent a deformation of at least a portion of the soft tissue to

prevent obstruction of the patient’s airway.

2. The implantable tissue retractor of claim 1 wherein the removable coupler comprises a

suture, a magnet, a vacuum, an adhesive, a screw, or a hook.

3. The implantable tissue retractor of claim 1 wherein the shaft has at least one securing feature.

4. The implantable tissue retractor of claim 3 wherein the securing feature comprises a

protuberance.

5. The implantable tissue retractor of claim 3 wherein the securing feature comprises a cavity.

6. The implantable tissue retractor of claim 3 wherein the securing feature comprises an

aperture.

7. The implantable tissue retractor of claim 3 wherein the securing feature is integrally formed
with the shaft.
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8. The implantable tissue retractor of claim 1 wherein the shaft is flexible.

9. The implantable tissue retractor of claim 1 further comprising an anchor member.

10. The implantable tissue retractor of claim 9 wherein the anchor member comprises a locking

member and a pad.

11. The implantable tissue retractor of claim 10 wherein the pad has a recess, the recess capable

of receiving the locking member or the anchor member.

12. The implantable tissue retractor of claim 10 wherein the pad is curved, the pad capable of
contacting the soft tissues located in the patient’s oral cavity or pharynx and distributing force

across the soft tissue.

13. The implantable tissue retractor of claim 10 wherein the pad is adapted to be removed from

the shaft without removing the locking member from the shaft.

14. The implantable tissue retractor of claim 1 wherein the retractor member is disc shaped, rod
shaped, triangularly shaped, cross-rod shaped, saddle shaped, half-saddle shaped, oval shaped, or

rectangularly shaped.

15. The implantable tissue retractor of claim 1 wherein the retractor member is off center along

at least one axis.

16. The implantable tissue retractor of claim 1 wherein the shaft has a first end and a second
end, the first end having a first thickness, an intermediate portion located between the first end

and the second end, the intermediate portion having a second thickness.

17. The implantable tissue retractor of claim 16 wherein the first thickness is greater than the

second thickness.
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18. The implantable tissue retractor of claim 17 wherein the intermediate portion is located at or

near the removable coupler.

19. The implantable tissue retractor of claim 1 wherein the shaft has a thickness of about 0.1

millimeters to about 5 millimeters.
20. A tissue retractor for treatment of a breathing disorder, the tissue retractor comprising:

a shaft sized for insertion into a soft tissue located in a patient’s oral cavity or pharynx, the

shaft having at least one securing feature;

a retractor member connected at or near a first end of the shaft; and

an anchor member engagable by the at least one securing feature;

wherein at least one of the shaft, the retractor member or the anchor member is positionable
on a surface of the soft tissue, and at least one of the shaft, the retractor member, or the anchor
member is adjustable to vary a force that prevents a deformation of at least a portion of the soft

tissue to prevent obstruction of the patient’s airway.

21. The tissue retractor of claim 20 wherein the anchor member comprises a locking member

and a pad, the pad configured to distribute a force across the soft tissue.

22. The tissue retractor of claim 21 wherein the pad has a recess, the recess capable of receiving

the locking member.
23. The tissue retractor of claim 20 wherein the securing feature is a protuberance.
24. The tissue retractor of claim 20 wherein the securing feature is a cavity.

25. The tissue retractor of claim 20 wherein the securing feature is an aperture.
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26. The tissue retractor of claim 20 wherein the locking member is a slide lock or a clamshell
lock.

27. The implantable tissue retractor of claim 20 wherein the retractor member is disc shaped, rod

shaped, triangularly shaped, cross-rod shaped, saddle shaped, half-saddle shaped, oval shaped, or

rectangularly shaped.

28. The implantable tissue retractor of claim 20 wherein the shaft has a first end and a second
end, the first end having a first thickness, an intermediate portion located between the first end
and the second end, the intermediate portion having a second thickness, the second thickness less

than the first thickness, a junction where the first thickness meets the second thickness.

29. The implantable tissue retractor of claim 28 wherein the junction is located at or near the

anchor member.

30. A tissue retractor holder for implantation of a tissue retractor, the tissue retractor holder

comprising:

a handle;

a retainer disposed at a distal end of the handle for releasably retaining a removable coupler;

and

a detainer positioned along the handle, the detainer for releasably engaging an implantable

tissue retractor;

wherein the retainer is adapted to provide a force to a soft tissue of a patient’s oral cavity, the
force preventing deformation of the soft tissue when an implantation device is inserted into an
opposite side of the soft tissue.

31. The tissue retractor holder of claim 30 wherein the retainer comprises:

a first forked arm extending from the distal end of the handle; and
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a second forked arm extending from the distal end of the handle.

32. The tissue retractor holder of claim 31 wherein a distal end of the first forked arm is

connected to a distal end of the second forked arm forming a continuous surface.

33. The tissue retractor holder of claim 30 wherein the detainer comprises at least one of a

groove, a clamp or a clip.

34. The tissue retractor holder of claim 30 further comprising a guard disposed at or near the

retainer, the guard configured to impede an excessive progression of an implantation device.

35. The tissue retractor holder of claim 30 wherein the handle is curved at or near where the

handle and the retainer are joined.

36. An implantation device for insertion of a tissue retractor, the implantation device comprising:

a shaft having a pointed end and a second end;

a first mechanical coupler near the pointed end of the shaft, the first mechanical coupler

adapted to couple with a removable coupler of the tissue retractor; and

a handle at the second end.

37. The implantation device of claim 36 wherein the first mechanical coupler comprises a cleft.

38. The implantation device of claim 36 wherein the first mechanical coupler comprises a

suture, a magnet, a vacuum, an adhesive, a screw, or a hook.

39. The implantation device of claim 36 wherein the removable coupler of the tissue retractor

comprises a suture, a magnet, a vacuum, an adhesive, a screw, or a hook.
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40. The implantation device of claim 36 further comprising a releasable locking member located

at or near the first mechanical coupler.

41. The implantation device of claim 40 wherein the releasable locking member is a sheath, the
sheath sized to fit over the shaft and configured to hinder an unintentional disengagement of a

removable coupler of an implantable tissue retractor.

42. The implantation device of claim 40 wherein the handle contains a tension meter, the tension

meter capable of measuring the tension of a shaft of an implantable tissue retractor.

43. A kit for treatment of a breathing disorder, the kit comprising:

a implantable tissue retractor comprising a shaft sized for insertion into a soft tissue located
in a patient’s oral cavity or pharynx, a retractor member disposed at or near a first end of the

shaft, and a removable coupler connected at or near a second end of the shaft; and

a tissue retractor holder comprising a handle, a retention system disposed at a distal end of
the handle for temporarily retaining the removable coupler, and a detainer positioned on the

handle, the detainer capable of engaging the implantable tissue retractor.

44. The kit of claim 43 further comprising an implantation device comprising a shaft having a
pointed end and a second end, a mechanical coupler near the pointed end of the shaft, the
mechanical coupler adapted to couple with the removable coupler, and a handle at the second

end.
45. A method for treatment of a breathing disorder, the method comprising:

a) inserting a tissue retractor implantation device into a first location of a soft tissue located
in a patient’s oral cavity or pharynx, the tissue retractor implantation device including a

mechanical coupler;

b) inserting a first implantable tissue retractor into the oral cavity or pharynx, the first

implantable tissue retractor comprising a first shaft, a first retractor member connected at or near
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a first end of the first shaft, and a first removable coupler disposed at or near a second end of the
first shaft;

¢) engaging the first removable coupler with the mechanical coupler of the tissue retractor

implantation device;

d) withdrawing the mechanical coupler of the tissue retractor implantation device to secure at

least a portion of the first implantable tissue retractor within the soft tissue;

¢) securing a first anchor member to the second end of the first shaft of the first implantable

tissue retractor to secure the first implantable tissue retractor within the soft tissue; and

f) removing the first removable coupler.

46. The method of claim 45 further comprising establishing an amount of securing force against
the soft tissue by adjusting a length of the first shaft between the first retractor member and the

anchor member.

47.  The method of claim 45 further comprising establishing an amount of securing force
against the soft tissue by adjusting a physical characteristic of the first shaft between the first

retractor member and the anchor member.

48. The method of claim 46 wherein the amount of securing force is about zero to about 1000

grams.

49. The method of claim 46 wherein the amount of securing force is about 5 to about 200 grams.
50. The method of claim 46 wherein the amount of securing force is about 10 to about 75 grams.
51. The method of claim 45 wherein step b comprises using a tissue retractor holder to insert the
first implantable tissue retractor into the oral cavity or pharynx, the tissue retractor holder having

a handle, a retainer disposed at a distal end of the handle, and a detainer positioned on the

handle, the detainer capable of engaging the implantable tissue retractor.
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52. The method of claim 45 further comprising:

g) inserting the tissue retractor implantation device into a second location of a soft tissue

located in a patient’s oral cavity or pharynx, the tissue retractor implantation device including a

mechanical coupler;

h) inserting a second implantable tissue retractor into the oral cavity or pharynx, the second
implantable tissue retractor comprising a second shaft and a second removable coupler disposed
at or near a second end of the second shaft;

i) engaging the second removable coupler;

J) withdrawing the mechanical coupler of the tissue retractor implantation device to secure at

least a portion of the second implantable tissue retractor within the soft tissue;

k) securing a first end of the second implantable tissue retractor to the first retractor member

of the first implantable tissue retractor;

1) securing a second anchor member to the second end of the second shaft of the second
implantable tissue retractor to secure the second implantable tissue retractor within the soft
tissue; and

m) removing the second removable coupler.

53. The method of claim 45 further comprising:

g) inserting a tissue retractor implantation device into a second location of a soft tissue

located in a patient’s oral cavity or pharynx, the tissue retractor implantation device including a

mechanical coupler;

h) inserting a second implantable tissue retractor into the oral cavity or pharynx, the second

implantable tissue retractor comprising a second shaft, a second retractor member connected at
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or near a first end of the second shaft, and a second removable coupler disposed at or near a

second end of the second shaft;

i) engaging the second removable coupler;

J) withdrawing the mechanical coupler of the tissue retractor implantation device to secure at

least a portion of the second implantable tissue retractor within the soft tissue;

k) securing a second anchor member to the second end of the second shaft of the second
implantable tissue retractor to secure the second implantable tissue retractor within the soft
tissue; and

1) removing the second removable coupler.

54. A method of retensioning a tissue retractor, the method comprising:

locating a tissue retractor within a soft tissue of a patient, the tissue retractor having a
retractor member located at or near a first end of a shaft and an anchor member located at or near
a second end of the shaft;

loosening the anchor member;

establishing an amount of securing force against the soft tissue by adjusting a length of the

shaft between the retractor member and the anchor member; and

resecuring the anchor member to the shaft of the tissue retractor.

55. The method of claim 54 wherein the resecuring step is performed using a second anchor

member.

56. A method of replacing a tissue retractor, the method comprising:
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locating a first tissue retractor within a soft tissue of a patient, the first tissue retractor having
a first retractor member located at or near a first end of a first shaft and a first anchor member

located at or near a second end of the first shaft;
removing the first anchor member;

extracting the first tissue retractor from the soft tissue of the patient, a conduit located where

the first tissue retractor was extracted from the soft tissue of the patient;

implanting a second tissue retractor along the conduit of the soft tissue of the patient, the
second tissue retractor having a second shaft and a second retractor member located at or near a

first end of the second shaft;

establishing an amount of securing force against the soft tissue by adjusting a length of the

second shaft; and

securing a second anchor member to the second shaft of the second tissue retractor.
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