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MCODI FI ED Tl SSUE SECUREMENT FI BERS

BACKGROUND OF THE | NVENTI ON

1. Field of the I|nvention

This invention generally relates to systens to secure
tissue, nore particularly to tissue secur enent fibers
conpri si ng section (s) of reduced Cross secti onal ar ea
(compared to the cross sectional area of the rest of the
fiber) usef ul in applications wherein the path of the
securenent fiber is bent at included angles |ess than 180°,

nore particularly when the included angle is less than 90°.

2. Rel ated Art

ohstructive sleep apnea (CSA) is caused by a blockage

of the airway, which usually occurs when the soft tissue in

the throat collapses and closes during sleep. According to
t he National Institutes of Health, OSA affects nore than
twelve mllion Anericans. During each apnea event, the

brain briefly arouses the sufferer in order to initiate the

resunption of breathing. This type of sleep, however, is
extremely fragment ed and of poor quality. Wen left
unt r eat ed, CSA may result in high bl ood pressure,
car di ovascul ar di sease, weight gain, inpotency, headaches,
menory problens, job inpairnent, and notor vehicle crashes.
Despite the seriousness of OSA, a general Ilack of awareness
among the public and healthcare professionals results in

the vast mgjority of OSA sufferers renmaining undiagnosed

and untreated.

One non- sur gi cal nmet hod avail abl e to treat CSA,

commonly referred to as continuous positive airway pressure
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(CPAP), delivers air into a patient's airway through a
specially designed nasal nask or pillow The flow of air

creates positive pressure when the patient inhales to keep

the airway open. CPAP is considered by many to be an
ef fective non-surgical t reat nent for the alleviation of
snoring and obstructive sl eep apnea, however, patients

complain about disconfort caused by the mask and hoses,
i ncluding bloating, nasal drying, and dry eyes. As a

result, patient conpliance for CPAP is only about 40%

Surgical treatnents have also been used to treat OSA
One such t r eat nent is referred to as
uvul opal at ophar yngopl asty, which involves renoving about 2
cm of the trailing edge of the soft palate to reduce the
soft palate's ability to flutter between the tongue and the
pharyngeal wall. Anot her procedure uses a surgical |aser
to create scar tissue on the surface of the soft palate,
which reduces the flexibility of the soft palate for
reducing snoring and/or closing of the air passage. Yet
anot her procedure, comonly referred to as cautery-assisted
pal at al stiffening operation (CAPSO) , is an office-based
procedure per f or ned under | ocal anest hesi a wher eby a
mdline strip of soft palate nmucosa is renoved, and the
wound is allowed to heal whereupon the flaccid palate is

stiffened .

Sur gi cal procedur es such as those nentioned above

continue to have challenges. More specifically, the area
of tissue that 1is surgically treated (i.e., renoval of
pal at al tissue or scarring of palatal tissue) is often

larger than is necessary to treat the patient's condition.

In addition, the above-nentioned surgi cal procedures are
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often painful wth extended, unconfortable healing periods.
For exanple, scar tissue on the soft palate nay be a cause
of continuing irritation to the patient. Furthernore, the
above procedures are not reversible in the event of adverse

side effects.

Anot her i mpl ant system sold wunder the trademark
REPOSE™ by InfluENT of Concord, NH, wuses a titanium screw
that is inserted into the posterior aspect of the mandible
at the floor of the nouth. The screw acts as an anchor. A
loop of suture is passed through the tongue base and
attached to the mandibul ar bone screw The REPOSE™
procedure achieves a suspension or hamobck of the tongue
base meking it less likely for the base of the tongue to
prolapse into the patient's airway during sleep. Due to
the high activity of +the tongue during wakeful ness,
however, the suture conponent of this device may act as a
cutting elenent wthin the tongue, causing device trans-
location and ultimtely a loss of efficacy of the procedure

thereby requiring subsequent renoval

An additional tongue suspension device developed by
ASPIRE Medical is named the ADVANCE System It is simlar
to the REPOSE suture suspension system for the tongue base
in that it wutilizes a bone screw in the mandible as an
anchor, but has the advantage of being adjustable. The
device further utilizes a flexible shape nenory soft tissue
anchor within the tongue that is shaped simlar to a
grappling hook, to engage the tissue wthin the tongue
base. The soft tissue anchor is placed through a snall
incision in the subnmental region of the patient's head and

the suture is attached to a spool-like conponent attached
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to the mandible. Two to four weeks after healing, a snmall
incision is made under the chin and a screw is turned to
tighten the suture, thus pulling the base of the tongue
forward. Wi | e t he devi ce provi des a sinplified
installation technique from within the sterile space, the
anchors may suffer from device fracture and failure due to

loading within the tongue muscul ature.

A further system is disclosed in US 2008/0208265,
Fr azi er, et al ., entitled "System and Met hod for
Per cut aneous Palate Renopdeling". This publication discloses
a looped tether element with one or nore regions of an
expanded dianeter to reduce the risk of cutting through the
t ongue. This region is created to provide a flexible
inplant with a fixed expanded region, a balloon region or
an in-situ expanding region. This nmethod provides a large
beari ng surface on limted regi ons of t he fiber.
Additionally, this nmethod requires a supplenental elenent
to create the expanded region on the fiber. It is
anticipated that this type of device will also be difficult
to extract from tongue tissues after healing has occurred
since the portion buried on the tongue base is larger in
cross section than the tracks remaining from the trailing

ends of the |ooped tether.

In spite of the above advances in tongue suspension
devi ces, there remains a need for tongue suspension
systens, devices and other tissue suspension devices that
provide a high degree of flexibility. Such new systens,
devices and nethods for treating OSA through mnimlly

i nvasive approaches wll inprove long term results wth
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i mproved pati ent conpl i ance and mnimzed pati ent

di sconfort

BRI EF DESCRI PTI ON OF THE DRAW NGS

Figure 1 depicts one potential pat hway of a tissue

securenment fiber for the purpose of securing a tongue.

Figure 2 depicts a typical securenent fiber in both

unbent and bent configurations.

Figure 3 shows an wunnodified tissue securenent fiber

propping through a tissue puncture site on a tongue.

Figures 4a-4d depict one nethod of reducing the cross
sectional area of a tissue securenent fiber as well as a

ti ssue securenent fiber of reduced cross sectional area.

Figures 5a-5c depict a second method of reducing the
cross sectional area of a tissue securenent fiber as well as

a tissue securenent fiber of reduced cross sectional area.

Figure 6 depicts a benefit of the present invention in
its ability to reduce the included angle of securenent

fibers that have a |ow angle of inclusion.

Figure 7 shows one enbodinment for a securenent fiber of
the present invention that includes a bending crease or

i ndent ation .

Figure 8 represents one enbodinment of a securenent

fiber of this invention.
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SUMVARY OF THE | NVENTI ON

The present i nvention general |y relates to tissue
securenent fibers conprising:

at least one section having a first «cross sectional
ar ea;

at least one section having a second cross sectional
area; and

wherein the second cross sectional area is less than
the first cross sectional area and the at |east one section
having the second cross sectional area is internediate to
the at least one section having the first cross sectional

area .

In other enbodinents the fibers conprise bioconpatible
materials that can be bioabsorbable, non- bi oabsor babl e or

conbi nati ons thereof.

In further enbodinents the second cross sectional ar ea
conpri ses an arc, crease, or indentation to facilitate

bending of the fiber.

The devices and nethods of this invention provide
securenent fibers having discrete Ilocations of reduced cross
secti onal area and provi de at | east t he foll owi ng
advant ages: (i) reduction of the volune of fiber at critical
bend | ocations; (ii) mMnimzation of tendency for "tissue
pr oppi ng" at puncture sites (i.e., t endency of tissue
puncture sites to remain in an expanded or open condition
due to volume of fiber present at fiber bend site) ; and

(iii) provi si on of a natural hi nge poi nt to reduce
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necessary bend radius and reduce volune of fiber at the

bend point.

DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS
OF THE | NVENTI ON

This invention is directed to tissue securenent fibers
havi ng section (s) of reduced Cross secti onal ar ea,
particularly fibers useful as tongue suspension fibers for
the treatnent of OSA and other procedures involving the
suspension of tissue in a living being. GCenerally, t he
features disclosed herein describe treatnent of fibers that
are manuf act ur ed with a cross-sectional area that is
nodi fied through secondary processing to provide discreet
bending zones which provide inplants of inproved | ocal
conformability to the desired fiber path or tissue tract.
Thus the fibers may be described as nonolithic, in the
sense they are of unitary construction wthout the various

sections being joined together.

Fi gures 1-3 depi ct vari ous aspects of tissue
secur ement met hods and devices that result when using

securenent fibers of unnodified cross sectional area.

Referring to Figure 1, a securenent fiber pathway is
illustrated for potential securenent of a tongue 10. As can
be seen, the dotted pathway for securenent fiber 20 through
tongue 10 is fairly circuitous. |In particular, points 12
and 14 depict tissue puncture points where the securenent
fiber exits and reenters tongue 10. Since each leg of the
fiber is installed within the tissue tract through the exit

and re-entry of a discrete puncture site, extremely sharp

7
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bends are formed in the securenent fiber. Additionally, the
relatively small included bend angle of the securenent
fiber at these points, as shown in Figure 2, results in a
| arge volume of fiber 22 occurring at the bend at point 24
of fiber 20. The folding of the securenent fiber creates a
high stress condition in the folded securenent fiber which
results in an opening or expansion force exerted by the
fiber on the local tissue. The expansion force of the
securenent fiber is depicted by the arrows on either side

of fiber 20 in Figure 2.

Figure 3 depicts a cross-sectional view of tongue 10
with an wunnodified tissue securenent fiber 20 propping
through tissue puncture site 12 due to the bending of fiber

20 at bend 22 as described in the discussion of Figure 2.

The follow ng sections descri be how the tissue
securenent fiber's cross sectional area may be reduced for
bi oconpatible materials that can be bioabsorbable, non-

bi oabsorbabl e or combi nati ons thereof.

As used herein, the reduction of the securenent
fiber's cross sectional area may be reported as a reduced
cross sectional area or may be referenced to as a reduction
of dianmeter or equivalent diameter of the fiber. For
exanple, for fibers of circular or substantially circular
di amet er, a reduction in the cross sectional dianmeter D,
wll be equal to the square root of the ratio of reduced
cross sectional area (A,) to the original cross sectional
area (A;) multiplied by the fiber's original dianeter (b )as

derived bel ow
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For elliptical cross sections (for the premse that
fiber will be bent across the ninor dianeter of the
ellipse) the reduced mnor dianmeter of D,.i, WIl be equal
to the ratio of reduced cross sectional area (A,) to the
original cross sectional area (A;) multiplied by the fiber's

original mnor dianmeter (D and further nmultiplied by

minor )

the ratio of fiber's original nmmjor dianeter (b to the

maj Or )

fiber's reduced mmjor diameter (D )y as derived bel ow

2maj Or

Ai = M ° Dimpor/2 /2

Dlmaj or

A2 = n DzminorIZ . DzmajOIIZ

Dzm' nor = A2/ A - Dlmi nor . Dlmaj Or/ Dzmaj or

For other cross sectional geonetries such as squares,
rectangles, stars, other polygonal shapes and for irregular
cross sections (for which an equival ent cross sectional
diameter my be deternined by nmethods known to those of
skill in the art) , determnation of reduced dianeters may
be determined by following the nmethodology as provided
above for the circular and elliptical cross sectional areas

cal cul ati ons
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A. Securement Fibers of Reduced Dianeters through Draw ng
of Fiber

The method for reducing fiber dianeter by drawing the

fibers utilizes fibers that are produced with substantially

uniform large cross sectional areas such as full round or
ot her non-r ound cross-secti onal geonetries such as
elliptical or rectangular, for exanple. The fibers my be

produced as standard solid form extrusions from a variety

of polymeric materials. Sui tabl e non-absorbable nmaterials

for use in the present i nvention include, but are not
limted to, polyanides (e.g., polyhexanet hyl ene adi pamni de
(nylon 66), pol yhexanet hyl ene sebacani de (nylon 610),

pol ycapr ami de (nylon 6), polydodecanani de (nylon 12) and

pol yhexanet hyl ene isophthalamde (nylon 61) copolyners and
bl ends t her eof ), pol yesters (e.g., pol yet hyl ene
t erepht hal at e, pol ybut yl t erepht hal at e, copol yners and
bl ends t her eof ), fl uoropol yners (e.g.,

pol ytetraf | uoroethylene and polyvinylidene fluoride) Poly

(hexaf | uor opr opyl ene - VDF) , pol yaryl et her ket ones ,
pol yol efins (e.g., pol ypropyl ene including isotactic and
syndi otactic polypropylene and blends thereof, as well as

bl ends conposed predomnately of isotactic or syndiotactic
pol ypropyl ene blended with heterotactic polypropylene and/or
pol yet hyl ene (such as is described in US. Patent 4,557,264
i ssued Decenber 10, 1985, assigned to Ethicon, 1Inc., hereby
i ncor porated by ref erence in its entirety) ) and

conbi nati ons thereof.

Addi tional ly, bi oabsorbable naterials my be used to
provide tenporary suspension fibers. Bioabsorbable fibers

are useful such as in the case of traunm, or radica

10
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surgi cal i nterventions that may cause swelling of the
tongue and associated tissues, or in other locations such
as urethra suspension, to provide tenporary support unti

edema / swelling has been reduced. Suitable bioabsorbable
materials for use as securenment fibers include, but are not
limted to, aliphatic polyesters which include but are not

limted to honopolynmers and copolyners of lactide (which

includes lactic acid, d-,1- and nmeso lactide), glycolide
(i ncl udi ng gl ycolic acid), €- capr ol act one, p- di oxanone
(1, 4-di oxan-2-one) , trinmethylene car bonat e (1, 3-di oxan- 2-
one) , al kyl derivatives of trimethyl ene car bonat e, 0-
val erol act one, - but yr ol act one, y- but yrol act one , €-
decal act one, hydr oxybut yr at e, hydr oxyval er at e, 1, 4-
di oxepan- 2- one (i ncl udi ng its di mer 1,5, 8, 12-
t etraoxacycl ot etradecane-7 , 14-dione) , 1, 5- di oxepan- 2- one
6, 6-di net hyl -1 , 4-di oxan-2-one and pol yner bl ends thereof.
Conbi nati ons of absor babl e and non- absor babl e

materials nmay also be wutilized to produce fibers wth
tail ored properties and confi gurations. One such
configuration contenplated is one which provides fibers
with absorbable coverings obtained through processing such

as by coating and/or co-extrusion.

Of the foregoing mat eri al s, the preferred fiber
mat eri al s i ncl ude pol yesters (e.g. pol yet hyl ene
t erepht hal at e, pol ybut yl t erepht hal at e, copol yners and
bl ends t hereof), fl uoropol ymers (e.g.

pol ytetraf | uoroethylene and polyvinylidene fluoride) Poly
(hexaf | uor opr opyl ene - VDF) , pol yaryl et her ket ones ,

pol yol efins (e.g. pol ypr opyl ene including isotactic and

11
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syndi otactic pol ypropylene. The nost preferred materials are

poly (hexaf | uoropropyl ene -VDF)and polypropyl ene.

The conversion of the raw pelletized therno-plastic
pol ymer s into a final fibrous form typically i nvol ves
thermal nelting and extrusion of the raw polynmer through an
extrusion die to form a particular cross sectional geonetry
such as square, rectangular, circular, elliptical, star or
ot her pol ygonal shapes. As the material exits the face of
the extrusion die, +the polynmer enters a quench tank to
provide cooling and solidification of the extruded fiber.
The fiber is then passed sequentially over a series of
heated godets typically rotating wth advancing rates of
rotation and operating at tenperatures above the glass
transition tenperature of the naterial and less than the
melting tenperature of the polyner being processed, for
i nstance in the case of polypropylene, the preferred
wor ki ng t enper at ur es are from 130° C to 165° <C. The
differenti al speeds of rotation, combined with the thernal
energy provide for a stretching, or draw ng, of the
extruded fiber. The fiber may then be subsequently relaxed
by passage through a heated chanber and passage over a
final godet that is rotating at a speed less than the
preceding godet in the system This stretching of the fiber
inparts increasing orientation of the nolecular structure
of the fiber, increasing the yield strength and rigidity or
nmodul us of elasticity E of the fiber. As the orientation of
the fiber is increased, the elongation of the fiber at high
stress is also reduced. The relaxation step of the fiber is
performed to slightly reduce the orientation of the polyner
chains to provide inproved flexibility and elongation of

the fiber.

12
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The stretching or drawing of the fiber is typically
stated as the draw ratio of the fiber which is typically
calculated from the linear increase in length of the fiber
due to the various speeds of the godets and is stated as a
factor of the total elongation vs. the initial Iength of
the undrawn fiber. For exanple, a polymer is subjected to
extrusion and the fiber is passed over three godets A, B
and C rotating at progressively increasing speeds V,, Vg.n4 Vc
respectively and a fourth godet, D, rotating at a slightly
| oner speed V, than the third godet in the system The draw

ratio would be calculated as:

Draw Ratio = (vg/Va) * (Vo/Vg) * (Vo/Vg) or (Vp/Vy)

Al ternatively, the use of the distance travel ed
instead of differential velocity of the godets nmay also be
utilized. In this case, the velocity based -equation is
converted to the linear distance though the application of
the tine elenment. The distance traveled is equal to the
velocity of the specific godet multiplied by the tine, T
that the process has run. Since the tinme element is fixed
for all of the godets in the system the draw ratio may be
expressed nore sinply as the length of fiber at the
conpletion of drawing (L,) divided by the length of fiber at

the initiation to the drawing process (Li).

For exanple, if godet one is operating at 3 feet per
second, and godet four is operating at a speed of 9 feet
per second, the resultant draw ratio is equal to

(9/3) or 3/1 expressed as 3:1.

13
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An alternative met hod of assessing the draw ratio
woul d be based upon the ratio of the orifice dianeter, for
a round fiber, of the extrusion die vs. the final dianeter
of the final fiber and is defined as the draw down ratio.
In this instance the volume of +the fiber nust remain
constant and, for a round fiber, the draw down ratio can be
calculated directly from the draw ratio by applying the

vol ume VO equations where:

va =\0,
pD12*L1/4 = pD42*L4/4
D12*L1 = D42*L4

Li/Ls = D.°/D)’

Ther efore, to calculate the final dianmeter fiber the

die face orifice dianmeter, coupled with the draw ratio are
applied. For exanple, in the previous exanple, if the die
face dianeter is 0.065", and the draw ratio is 3:1 and

these factors are applied, the final dianeter of the fiber

is calculated as:

1/3 = D42/ (0.065) 2
(1/3) * (0.065) 2= D,’
0.037" = D,

VWhen materials are extruded to a particular size and
shape, the fiber may be produced with a low or nminiml draw
ratio, approaching a ratio of 1, to provide fibers wth
greater elongation, reduced notch sensitivity and reduced
stiffness when conpared to fibers of the same diameter with

greater draw ratio' s.

14
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The nmethod of localized fiber dianeter reduction by
drawing the fiber conprises subjecting a portion of the
fiber to localized heating at a particular | ocation and
then applying tension to the section of fiber extending
from the locally heated section of fiber. Referring to
Figure 4a, heated or energized dies 32 and 34 dies are
provided and cone into contact wth each other and wth
fiber 20 as seen in Figure 4b. Once the local regions of
fiber 20 have been sufficiently heated, tension is applied
to the free ends of the fiber 20 and fiber 20 is drawn to
reduce the dianeter of the fiber in discrete heated
locations as in shown in Figure 4c. The resulting fiber 20
is shown in Figure 4d with the distinct sections 24 of

reduced dianeter.

This reduction in diameter or cross-sectional area
provides discrete areas that may serve as hinges in the
material to enable a reduced bend radius of curvature. The
reduced dianeter sections nmay also be subjected to the

creation of a preformed shape after the fiber drawing has

occurred to provide tighter bend radii after installation
in tissue. During installation, the preformed arc wll open
elastically and wupon final installation, the fiber will

return to the preformed closed configuration. This feature
is particularly useful in applications where the fiber is
installed through single puncture sites 24 with fiber 20
folded back over itself ends at included angles of the
fiber that are less than 180° such as shown in Figure 6. The
utility of the angle is greatest at angles of approxinately

90° or | ess.

15
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The resultant fiber provides both increased elongation

and large tissue load Dbearing surfaces to adapt to
excessive loading without cutting through the tissues,
while providing a snall bend radius, or included bend

angl e, at the locations of installation to nnimze the
volune of material located at the puncture site such as
those wutilized in the installation of tongue suspension

fibers as shown in Figure 6.

B. Fibers of Reduced Dianeters through Volune Conpaction

A second nmethod for producing securenent fibers of
reduced cross sectional area or dianeters is by conpacting
of expanded type fiber forns, such as ePTFE When
materials such as ePTFE are utilized, the localized hinge
points are created through the use of volunme conpaction and
re-sintering of the material. ePTFE is fornmed as an
expanded Teflon material wth free volume Ilocated sinilar
to a closed cell foam structure. The materi al is forned
through a paste extrusion and is then subjected to a
sintering process to cause bonding of the nodules of
material to create a fiber with adequate strength and a
hi gh degree of suppleness. Wen the fiber is produced wth
| arger cross-sectional areas or geonetries, it provides a
material wth good |oad bearing surfaces to resist tissue
cutting during loading wi thout conpronising flexibility. As
noted earlier, one issue with unnodified fibers relates to
the volume of material at the locations of single puncture
pl acenents such as those described previously. In these
discrete | ocations, the relatively inconpressible closed
cell foam like structure can be too bulky and nmay prop the

puncture open during the healing of the tissue (such as

16
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depicted in Figure 3) This propping of the tissue nmay
provide adequate access for pathogens, particularly in

tissues with |ow vascularity.

Referring to Figure 5a, fiber 20 is placed wthin
preferably heated or energized conpaction dies 42 and 44
and is subjected to tenperatures simlar to those utilized
in the sintering process (see Figure 5b) . This enables a
reduction / renobval of the inter-nodal dead space and a
reduction in the cross-sectional area of the fiber. Again,
these reduced volune areas provide natural hinging points
24 in the fiber 20 (see Figure 5c) that when bent at the
site of single puncture insertions, reduces the tendency of

the fiber to prop the puncture open.

The conpaction of the ePTFE fiber is achieved through

t he application of t her mal heati ng to elevate t he
tenperature of t he | ocal regi on of t he fiber to
approximately 342° C to 380° Cc. The material is conpressed
within the dies during the heating process until at least a
portion of the internodal distance is reduced and fused
into a tighter spaci ng. This reduction in internodal

spacing serves to reduce the volune of the fiber, however,
unl i ke the draw ng process previously descri bed, no
el ongation of the fiber is necessary to create the reduced

diameter region in the fiber.

In either nethod described above, the fibers exhibit a
reduced cross-secti onal area at discrete | ocati ons to
facilitate inproved bending and reduced volune to prevent
tissue pr oppi ng of t he installation puncture sites.

Addi tionally, the reduced <cross sectional area regions of

17
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the fiber may be forned with preset curved (arc) or bent
geonetries that wll serve to provide tighter bend radii in

the fiber at the preferred discrete bending |ocations.

In addition to or in conbination wth either nethod

described above, the fiber nay be further conpacted in a
control |l ed manner at specific, di screte | ocati ons. Such
conpacti ng may sinmply i nvol ve form ng a crease or

indentation across the dianeter of the fiber to form a nore
di screte, hinge-like bending zone. Referring to Figure 7,
fiber 20 contains a zone of reduced cross sectional area 24
which further contains crease or indentation 26. Crease or
i ndentation 26 is shown to enable bending of fiber 20 about
bending point 22. Crease or indentation 26 thus provides a
nore discrete point for the bending of fiber 20 in addition
to the reduced volunme of the fiber 20 along the reduced

cross sectional area 24.

The fibers my be produced wth one or nore reduced
cross sectional regions on the fiber. The nunber of zones
of multiple cross sectional reductions on a single fiber
will depend on the intended |use. For exanpl e, in the
i nstance of performng a tissue securenent procedure as
described in Figure 6, at least two zones of reduced cross
sect i onal area are needed. Fi gure 8 represents one
preferred enbodinment of the invention for the instance that
the fiber is wused for tongue suspension. Ref erring to
Figure 8, the overall Ilength 20a of fiber 20 may range from
approxi mately 30 to 40 cm the distance 20b between the
center points of the two zones of reduced cross sectional
area 24 may range from 1 cm to 3 cm preferably 2 cm and

the lengths 20c of the reduced regions 24 may range from

18
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0.3cm to 1.0cm preferably 0.5-0. 7cm It should be noted
that the respective Ilengths 20c of the two section 24's

depicted, need not be of equal |ength.

Addi tionally, the degree of dianmeter reduction of the

secur enent fiber may pl ay a role for an i nt ended
appl i cation. It is contenplated that for tissue securenent
appl i cations for treating obstructive sl eep apnea, t he
reduction in cross sectional area will range from the

original cross sectional area to the reduced cross sectional
area from 4:1 to 10:1, preferably from 6:1 to 9:1, nost

preferably from 3:1

It should be understood that the foregoing disclosure
and description of the present invention are illustrative
and explanatory thereof and wvarious <changes in the size,
shape and materials as well as in the description of the
preferred enbodinment my be nmade w thout departing from the

spirit of the invention.
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VWhat is clained is:

1. A nonolithic tissue securenent fiber conprising:

at least two sections having a first cross sectional
area;

at least one section having a second cross sectional
area; and

wherein the second cross sectional area is less than
the first cross sectional area and the at |east one section
having the second cross sectional area is internediate to
the at least two sections having the first cross sectional

area.

2. The fiber of claim 1, wherein the at |east one section
having the second cross sectional area further conprises an

arc .

3. The fiber of claim 1, wherein the at |east one section
having the second cross sectional area further conprises an

i ndentation .

4. The fiber of claim 1, wherein the ratio of the first
cross sectional area to the second cross sectional ar ea

ranges from 4:1 to 10: 1.

5. The fiber of claim 4, wherein the ratio of the first
cross sectional area to the second cross sectional ar ea

ranges from 6:1 to 9:1.

6. The fiber of claim 4, wherein the ratio of the first
cross sectional area to the second cross sectional are is
9:1.
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7. The fiber of claim 1, wherein the fiber is conprised
of a conbination of a bioabsorbable and non-bi oabsorbable

materials .

8. The fiber of claim 1, wherein the fiber is conprised

of a bioconpatible pol yner sel ected from the group

consi sting of pol yam des, pol yest ers, f 1 uoropol yners ,
pol yaryl et her ket ones , pol yol efi ns, and conbi nati ons
t her eof .

9. The fiber of claim 8 wherein the polyanmde is selected

from the group consisting of polyhexanethylene adi pam de

(nylon 66), pol yhexanet hyl ene sebacami de (nylon 610),
pol ycapr ami de (nylon ), pol ydodecanani de (nylon 12),
pol yhexanet hyl ene i sopht hal ani de (nyl on 61), and

combi nati ons thereof.

10. The fiber of claim s, wherein the polyester is

sel ected from the group consi sting of pol yet hyl ene

t erepht hal at e, pol ybut yl terephthalate , and conbinations
t her eof .

11. The fiber of claim 8 wherein the fluoropolyner is
sel ected form t he group consi sting of
pol yt et raf | uoroet hyl ene, pol yvi nyl i dene fluoride, pol y

(hexaf | uoropropyl ene -VDF) and conbinations thereof.

12. The fiber of claim 8, wherein the polyolefin is
sel ected from the group consisting of  pol ypropyl ene,
i sotactic pol ypropyl ene, syndi otactic pol ypropyl ene, and
conbi nati ons thereof, and conbinations of predoninately
isotactic or syndiotactic polypropylene wth heterotactic

pol ypropyl ene and/or polyethyl ene.
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13. The fiber of claim 1, wherein the fiber is
conprised of a bioabsorbable polyner selected from the

group consisting of aliphatic polyesters, alkyl derivatives

of trinet hyl ene car bonat e, o-val erol act one, B-
but yr ol act one, y- but yr ol act one, e- decal act one,
hydr oxybut yr at e, hydr oxyval er at e, 1, 4- di oxepan- 2- one

(including its dimer 1,5,8,12-tetraoxacyclotetradecane-7, 14-
di one) , 1, 5- di oxepan- 2- one, 6, 6-di met hyl -1, 4-di oxan-2-one

and pol yner blends thereof.

14. The fiber of claim 13, wherein the aliphatic
polyner is selected from the group consisting honopolyners
and copolyners of lactic acid, d- 1- and neso |actide,
glycolide, glycolic acid, e-caprolactone, p-dioxanone (1,4-
di oxan-2-one) , trinethylene carbonate (1, 3-di oxan-2-one) ,

and conbi nati ons thereof.

15. The fiber of claim 1, wherein the fiber is poly

(hexaf | uoropropyl ene -VDF) or polypropyl ene.
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